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1 
INTRODUCTION 
Maltases presently play an important role in the industrial production 
of glucose syrups utilized by the food industry. Therefore, the continual 
need for improved enzyme production and for new, more active maltases 
exists. While extracellular production of the enzyme is desired, at 
present, only two extracellular maltases from bacteria have been char­
acterized in detail (French and Knapp, 1950; Wang and Hartman, 1976). 
It was the purpose of this study, then, to isolate bacteria that produce 
extracellular maltase, study the enzyme's production, and characterize 
the enzyme's activity. 
2 
LITERAIUBE REVIEW 
a-p-glucosldases are enzymes that cleave o-D-glucosldlc linkages 
in oligosaccharides and ocrD-glucosides. Maltases (E.G. 3.2.1.20) are 
specific a-D-glucosldases that catalyze the hydrolysis of maltose 
(4-a-D-glucopyranosyl-D-glticose) to two ^glucose units. Certain maltases 
also may catalyze the hydrolysis of larger oligosaccharides (maltotriose, 
etc.) as well as a variety of substituted oeD-glucosldes (Gottschalk, 
1950; Nisizawa and Hashimoto» 1970). In addition, an intrinsic property 
of many maltases and a-glucosldases is their glucosyltransferase activity 
(Nisizawa and Hashimoto, 1970). 
Substrate Specificity 
Classification of a-glucosldases is based, largely, on their 
substrate specificities. Presented in Table 1 are the substrate speci­
ficities of many a-glucosldases, containing maltase activity, that have 
been examined to the present. The common feature of all the substrates 
is a nonsubstituted Or-D-glucopyranosyl residue. Generally, maltases 
from bacterial sources are more specific than those of fungi, mammals, 
and plants. The exceptions are the enzymes from a Pseudomonas sp. 
(Amemura, Suglmoto, and Harada, 1974) and from Clostridium acetobutylicum 
(French and Knapp, 1950) that catalyzed the hydrolysis of large gluco-
sldlc polymers, such as starch, as well as disaccharides, including 
maltose. The enzymes from Bacillus cereus (Yamasakl and Suzuki, 1974) 
and Bacillus subtllls (Wang and Hartman, 1976) were relatively specific, 
hydrolyzing only small oligosaccharides or derivatives of them. In fact. 
Table 1. Substrate specificities of a-glucosldases of various origins 
Source Substrate Reference 
Yeasts 
Candida troplcalls var. 
laponlca 
Saccharomyces cerevlslae 
Saccharomyces cerevlslae 
Saccharomyces cerevlslae 
Saccharomyces cerevlslae 
dextrlns, Isomaltose, maltose» a-methyl gluco-
slde, a-phenyl glucoslde, starch 
maltosazone, maltose, a-methyl glucoslde 
2-o-a-D-glucopyrano8yl-D-erythro8e, maltose, 
maltotrlose, maltotrlltol, melezltose, 
a-methyl glucoslde, sucrose, turanose 
a-ethyl and a-lsopropyl glucoslde, maltose, 
a-methyl glucoslde, p—nltrophenyl—oir-D^gluco— 
side, o-nltrophenyl-<x—D-glucoslde, a^phenyl 
glucoslde, a-n-propyl and a-tert-butyl gluco­
slde 
p-cresyl-Ct-D—glucoslde, Isomaltose, maltose, 
maltotrlose, c-methyl glucoslde, ot-phenyl 
glucoslde, p—nltrophenyl-oi—D-glucoslde, 
sucrose, turanose 
Sawal, 1960 
Prlngshelm and 
Loen, 1932 
Phillips, 1959 
Helferlch and 
Johannls, 1960 
Chlba et al., 
1962 
Saccharomyces cerevlslae maltose, sucrose Khan and Eaton, 
1967 
Saccharomyceb Itallcus 
Saccharomyces logos 
Saccharomyces pombe 
Saccharomyces ovlformls Isomaltose, maltose 
a-n-butyl and a-ethyl glucosldes, maltose» 
a-methyl glucoslde, 3-methyl maltoside, 
a-phenyl glucoslde, p-nitrophenyl-a-D-gluco-
side, sucrose, turanose 
Isomaltose, Isomaltotrlose, Isomaltotetraose, 
Isomaltopentatose, kojlblose, maltose, malto-
triose, maltotetraose, maltopentaose, malto-
hexaose, a-methyl glucoslde, nlgerose, panose, 
a-phenyl glucoslde, a-phenyl maltoside, 
turanose 
p-cresy1-a-D-glucoslde, Isomaltose, Isomalto­
trlose, Isomaltotetraose, Isomaltopentaose, 
maltose, maltotrlose, maltotetraose, malto­
pentaose, maltohexaose, nlgerose, a-methyl 
glucoslde, panose, a-phenyl glucoslde, 
rafflnose, sucrose, turanose 
Halvorson and 
Ellias, 1958 
Chlba, Saekl, and 
Shlmomura, 1973b 
Chlba and Shlmo­
mura, 1965 
Lai and Axelrod, 
1975 
Molds 
Aspergillus awamorl maltose Bendetskll et al*, 1972 
Aspergillus fumlgatus Isomaltose, maltose, Or-methyl glucoslde, 
p-nltropheny1-a-D-glucoslde 
Rudlck and Elbeln, 
1974 
Table 1. (continued) 
Source Substrate Reference 
AspergllluB nlger 
(Takamlne dlazyme) 
6-a-D-gluco8yl isopanose, A-a-D-glucosyl 
panose, Isomaltose, Isomaltotrlose, Isomalto-
tetraose, Isopanose, maltose, maltotrlose 
a-methyl glucoslde, a-methyl maltoslde, 3-methyl 
maltoslde, panose, starch 
Pazur and Ando, 
1960 
Aspergillus oryzae 
(Takadlastase) 
maltoblonate, maltosazone, maltose Frlngshelm and 
Loen, 1932 
Aspergillus oryzae 
(Takadlastase) 
maltose, a-methyl glucoslde Myrback, 1932 
Aspergillus oryzae maltose, a-methyl glucoslde, a-phenyl gluco­
slde 
Weldenhagen, 1933 
Aspergillus oryzae 
(Takadlastase) 
maltoblonate, maltose Hestrln, 1940 
Aspergillus oryzae 
(Taka maltase) 
Aspergillus oryzae 
(Taka maltase) 
maltose, a-methyl glucoslde, a-methyl maltoslde, 
a-phenyl glucoslde, a-phenyl maltoslde 
p-cresol glucoslde, a-ethyl glucoslde, Isomal­
tose, Isomaltotrlose, Isomali^tetirç^se, 
Isomaltopentaose, IsomaltohexaoseIsotoaltu-
lose, maltoblonate, maltosazone, maltose, 
maltotrlose, maltotetraose, maltopentaose, 
maltulose, a-methyl glucoslde, a-phenyl gluco­
slde, p-nitrophenyl-a-D-glucoslde, turanose 
Matsushlma, 1960 
Sugawara, 
Nakamura, and 
Shimomura, 1961 
Aspergillus wentll maltoblonate, maltose Prlngsheim and 
Loen, 1932 
Mucor • .lavanlcus 
Mucor rouxll 
Pénicillium purpurogentm 
Endomycopsls capsular!s 
Bacteria 
Bacillus cereus 
Bacillus subtills 
Clostridium acetobutvllcun 
Klebsiella aerogenes 
kojlblose, maltose» maltotlose, a-methy malto-
slde, a~methyl maltotrloslde, nlgerose, a-phenyl 
glucoslde, a-phenyl maltoslde, soluble starch 
maltose, starch 
amylopectln, amylose, glycogen, Isomaltose, 
maltose, a-phenyl maltoslde, soluble starch 
amylose, Isomaltose, Isomaltotrlose, Isomal-
totetraose, Isomaltopentaose, Isomaltohexaose, 
maltose, maltotrlose, maltotetraose, malto-
pentaose, maltohexaose, panose 
Yamasakl» Mlyake, 
and Suzuki, 1973b 
"Flores-'Carreoti and 
Kulz-Herrera, 1972 
Yamasakl, Suzuki, 
and Ozawa, 1976a 
Ebertova, 1966 o\ 
Isomaltose, maltose, nlgerose, a-phenyl gluco-
slde, a-phenyl maltoslde 
Yamasakl and 
Suzuki, 1974 
Isomaltose, maltose, maltotrlose, malto­
tetraose 
Wang and Hartman, 
1976 
Isomaltose, limit dextrlns, maltose, malto-
hep taose, rafflnose, starch, sucrose 
French and Knapp, 
1950 
isomaltose, maltose, a-methyl glucoslde, 
3-methyl maltoslde, trehalose 
Barker et al., 1966 
Table 1. (continued) 
Source Substrate Reference 
Micrococcus sp. 
Pseudomonas fluorescens 
Pseudomonas sp. 
maltose, a-phenyl glucoslde, sucrose 
maltose, maltotrlose, a-phenyl glucoslde, 
turanose 
amylopectln, amylose, glycogen, Isomaltose, 
kojlblose, maltose, maltotrlose, maltotetraose, 
nlgerose, p-nltrophenyl-a-D-glucoslde, soluble 
starch 
Kawal, Yamada, and 
Ogata, 1971 
Guffantl and Corpe, 
1976 
Amemura, Suglmoto, 
and Harada, 1974 
Mammals 
Cattle liver 
Cattle spleen 
Dog liver 
Horse serum 
Human Intestine 
Human liver and muscle 
6-bromo-2-naphthyl-a-D-glucose, dextran, 
glycogen, Isomaltose, maltose, 
glycogen, Isomaltose, maltose, a-methyl 
glucoslde 
glycogen, Isomaltose, kojiblose, maltose, 
nlgerose, a-phenyl glucoslde 
glycogen, Isomaltose, maltose, 3-methyl malto-
slde, a-phenyl glucoslde, starch, turanose 
Isomaltose, maltose 
glycogen, maltose 
Bruni, Aurlcchlo, 
and Covelll, 1969 
Kujlmorl, Fukul, 
and Nlkunl, 1972 
Torres and 
Olavarrla, 1964 
Lleberman and Eto, 
1957 
Eggermont, 1969 
Hers, 1963 
Pig liver 
Rabbit Intestine 
Rabbit muscle 
Rabbit muscle 
Rat liver 
Rat liver 
anylose, glycogen, kojlblose, maltose, malto-
trlose, a-methyl maltoslde, nlgerose, a-phenyl 
glucoslde, a-phenyl maltoslde, soluble starch, 
turanose 
maltose, a-methyl glucoslde, sucrose 
glycogen, limit dextrlns, maltose, maltotrlose, 
maltotetraose, maltopentaose, maltohexaose, 
3-methyl maltoslde, p-nltrophenyl-a-D^maltoslde, 
panose 
glycogen, Isomaltose, maltose, maltotrlose, 
maltotetraose, panose 
kojlblose, maltose, nlgerose 
glycogen, Isomaltose, maltose, panose 
Uchlda and Suzuki, 
1974 
Takesue, 1969 
Palmer, 1971a 
Carter and Smith, 
1973 
Torres and 
Olavarrla, 1964 
Jeffrey, Brown, and 
Brown, 1970 
00 
Plants 
Barley malt Isomaltose, Isomaltotrlose, Isomaltotrlltol, 
maltose, maltotrlose, maltotrlltol, a-methyl 
glucoslde, panose, panltol, a-phenyl glucoslde 
Jorgensen, 1963 
Buckwheat amylopectln, amylose, p-cresyl-a-D-glucoslde, 
glycogen, Isomaltose, Isomaltotrlose, kojlblose, 
3-llmlt dextrin, maltose, maltotrlose, malto­
tetraose, maltoheptaose, maltooctaose, a-methyl 
glucoslde, nlgerose, panose, a-phenyl gluco­
slde, starch 
Takahashl and 
Shlmomura, 1972 
Table 1. (continued) 
Source Substrate Reference 
Rice amylopectln, amy lose, glycogen, Isomaltose, 
isomaltotrlose, kojibiose, maltose, malto-
triose, maltotetraose, panose, nigerose, 
soluble starch 
Takahashi, 
Shimomura, and 
Chiba, 1971 
Other 
Honey maltose, o^methyl glucoslde, «-phenyl 
glucoside, starch, sucrose 
Takenaka and 
Echigo, 1975 
10 
the two enzymes had greatest hydrolytlc activity on maltose, itself. 
Generally, yeast and mold maltases do not hydrolyze large gluco-
sidic polymers; however, they catalyze the hydrolysis of a broad spec­
trum of disaccharides and glucosides. (See Table 1 for references.) The 
yeast and mold enzymes hydrolyzed fructosyl con^oimds (melezitose, 
sucrose, and turanose), as well as a-1,2- (kojibiose), ot-1,3- (nigerose), 
a-1,4- (maltose), and ot-1,6- (isomaltose) glucosidic bonds. 
The specificity of mammalian and plant-a-glucosidases is broader and 
includes large glucosidic compounds, such as amylose, glycogen, and 
starch. The mammalian enzymes may have extremely hi^ hydrolytlc velo­
cities for these substrates in relation to their "maltase" activities 
(Palmef, 1971a; Lieberman and Eto, 1957; Kujimori, Fukui, and NUcuni, 
1972). 
Chiba, Saeki, and Shimomura (1973b) divided microbial (%-glucosidases 
into three groups on the basis of substrate specificity: (a) from 
Saccharomyces and Micrococcus species, that hydrolyze aryl-ctr>glucosides 
(ce-phenyl glucoside, and p-nitrophenyl-ot-D-glucoside) and sucrose more 
rapidly than maltose, (b) from bacteria and molds that are highly specfic 
to maltose and only slightly active or negative on aryl-a-glucosides, 
and (c) from Mucor. Candida, and Pseudomonas species that possess gluco-
amylase activity, hydrolyzing glycogen and starch. 
Mode of Action 
On the basis of mode of action, maltases are separated into two 
groiçs. The first grotg) contains those enzymes that are solely 
Table 2. Transglucosylase products of maltases from various origins 
Source Substrate(s) Product(s) Reference 
Yeasts 
Saccharomyces cerevlslae maltose 
Saccharomyces cerevlslae ioaltose+L-sorbose 
Saccharomyces cerevlslae 
Saccharomyces cerevlslae 
Saccharomyces cerevlslae 
Saccharomyces cerevlslae 
Saccharomyces pombe 
a-phenyl glucoslde+ 
D-xylose 
a-phenyl glucoslde+ 
D-mannose 
a-phenyl gluco8lde+ 
fructose 
Or-phenyl gluco8lde+ 
L-sorbose 
maltose 
Is omal tos e+ma Ito t r lose-h 
nlgerose 
1,4-dl-a-D-glucosyl-L-
sorbose+l-a-lsomaltosyl-
L-sorbose 
Or-D-glucosyl-J^ loses 
6—o—a—glucosyl—D— 
manno se+lsomaltose 
1-a-D-glucosyl-f rueto se+ 
lsomaltulose+maltulose+ 
turanose 
a-D-glucosyl-L-sorboses 
laomaltose+lsomaltotrl-
ose+kojIblose+maltotrl-
ose+nlgerose+panose 
Chlba et al., 1962 
Matsusaka, Chlba, 
and Shlmomura, 1975 
Chlba, Takahashl and 
Shlmomura, 1968 
Chlba and Shlmomura, 
1969 
Chlba and Shlmomura, 
1971a 
Chlba and Shlmomura, 
1971b 
Chlba and Shlmomura, 
1966 
Isomaltose Isomaltotrlose-t-
kojIblose+nlgerose 
maltotrlose 
Saccharomyce s ovlformls 
Molds 
Aspergillus awamorl 
Aspergillus nlger 
Aspergillus nlger 
Aspergillus nlger 
Aspergillus oryzae 
glucose 
maltose 
maltose 
Isomaltose 
maltose 
Isomaltose 
maltotrlose 
maltose+ascorbIc 
acid 
maltose 
Isomaltose+lsomalto-
trlose+kojIblose+nlger-
ose+panose 
maltose+lsomaltose Lai and Axelrod, 
1975 
Isomaltose+malto^ 
trlose+panose 
l8omaltose+panose+ 
unidentified oligo­
saccharide 
Bendetskll et al., 
1972 
Pan, Nicholson, and 
Kolachov, 1953 
unidentified trl-
saccharlde 
Isomaltose+panose Pazur and Ando, 
1961 
Isomaltotrlose 
ô-a-D-glucosyl-malto-
trlose+panose 
ascorbic acld-glucoslde 
Isomaltose+lsomalto-
trlose+4-lsomalto-
trlosyl-a-D-gluco8e+ 
panose 
Mlyake and Suzuki, 
1971 
Pazur and French, 
1952 
Table 2. (continued) 
Source Substrate(s) 
Aspergillus oryzae 
Aspergillus oryzae 
Isomaltose 
panose 
maltose 
Aspergillus oryzae 
(Takamaltase) 
maltose 
Mucor javanlcus maltose 
Mucor javanlcus maltose+rlboflavln 
Pénicillium chrysogenum maltose 
Pénicillium lllaclnum maltose+D-xylose 
Pénicillium purpurogenum maltose 
maltose+rlboflavln 
Product(s) Reference 
Isomaltotriose 
isomaltotrlose 
isomaltose+nlgerose 
isomaltose+lsomalto-
trlose+panose+unldentlfied 
oligosaccharide 
malto trlose+unldent ifled 
oligosaccharide 
riboflavln-glucoside 
isomaltose+4-a-isomal— 
tosyl-D-glucose+panose 
glucosyl-xyloses 
maltotrlose 
Pazur, 1955 
Pazur, Bodovlch, 
and Tipton, 1957 
Matsushima, 1960 
Yamasaki, Mlyake, 
and Suzuki, 1973b 
Yamasakl, Miyake, 
and Suzuki, 1973a 
Saroja, ' 
Venkataraman, and 
Girl, 1955 
Barker, Stacey, 
and Stroud, 1961 
Yamasakl, Suzuki, 
and Ozawa, 1976a 
riboflavln-glucoside 
Endomycopsls capsularla maltose 
Bacteria 
Bacillus cereus 
Bacillus subtills 
Escherichia coll 
Escherichia coll 
Micrococcus sp. 
Pseudomonas sp. 
maltose 
maltose+rlboflavln 
maltose 
Isomaltose 
maltose 
maltose+amylose (G^) 
maltose+rlboflavln 
maltose, a-phenyl 
glucoslde, or sucrose+ 
pyrldoxlne 
maltose 
Sarclna lutea maltose or sucrose+ 
pyrldoxlne 
1soma1tose+panose Ebertova, 1966 
maltotrlose 
rlboflavln-glucoslde 
unidentified oligosac­
charides 
unidentified oligosac­
charides 
a-1,4-glucosidic 
polymers 
amylose (G^^) 
rlboflavln-glucoslde 
pyridoxine-glucoside 
maltotrlose 
pyridoxine-glucoside 
Yamasakl and Suzuki, 
1974 
Wang and Hartman, 
1976 
Wiesmeyer and Cohn, 
1960 
Katagiri, Yamada, 
and Imai, 1957 
Kawal, Yamada, and 
Ogata, 1971 
Amemura, Sugimoto, 
and Harada, 1974 
Ogata et al., 1969 
Table 2. (continued) 
Source Substrate(s) 
Mammals 
Dog liver maltose 
Pig liver 
maltose+riboflavin 
maltose+fructose 
maltose+galactose 
maltose 
Rabbit muscle 
maltose+riboflavin 
maltose+pyridoxine 
maltose 
Rabbit muscle 
maltose+glycogen(G^) 
maltose 
Rat liver 
Rat liver 
maltose 
maltose 
Products(s) Reference 
a-1,4-glucosidic poly­
mers 
riboflavin-glucoside 
glucosyl-f rue tose 
glucosyl-galactose 
maltotriose 
riboflavin-glucoside 
pyridoxine-glucoside 
maltotriose+nigerose+ 
unidentified oligosac­
charide 
glycogen(G^^j) 
maltotriose+panose 
maltotriose 
maltotrio8e+ 
maltotetraose 
Torres and 
Olavarria, 1964 
Uchida and Suzuki, 
1974 
Palmer, 1971b 
Carter and Smith, 
1973 
Stetten, 1959 
Jeffrey, Brown, and 
Brown, 1970 
Plants 
Barley malt 
Buckwtieat 
maltose 
maltose+D-xylose 
maltose+D-galactose 
maltose 
Other 
Honey maltose 
lsomaltose+maltotrlo8e+ Jorgensen, 1964 
panose 
glucosyl-xylose 
glucos y1-galactose 
I80malt08e+malt0trl0se+ 
unidentified oligosac­
charides 
Takahashl and 
Shimomura, 1968 
maltotriose Takenaka and 
Echlgo, 1975 
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hydrolytic and possess no transferase activity, a-glucosidases from 
Clostridium acetobutylicum (French and Knapp, 1950), Escherichia coll 
(Pontieri, 1955), Mucor rouxli (Flores-Carreon and Ruiz-Herrera, 1972) and 
Saccharomyces logos (Chiba, Sa^i, and Shimomira, 1973b) seem to fall 
within this group. 
The second and larger group of maltases contains those enzymes that 
catalyze synthetic reactions by transglucosylase activity. The sources, 
substrates, and products of these enzymes and reactions are presented in 
Table 2. 
One group of glucosyltransferases catalyzed the synthesis of tt-1,4-
glucosidic bonds, only. This groijp comprised maltases from Escherichia 
CO11 (Wiesmeyer and Cohn, 1960), dog liver (Torres and Olavarria, 1964), 
pig liver (Uchida and Suzuki, 1974), and rat liver (Stetten, 1959). The 
second and larger group of transferases synthesized other glucosidic 
linkages in addition to the a-1,4 linkage. (See Table 2 for sources and 
references.) Fazur and French (1952) have proposed a two-step mechanism 
to explain the transglucosylase activity of Aspergillus oryzae a-gluco-
sidase: 
Step 1. G-G- + E » Q.E + G-
(maltose) 
Step 2. (a)G'E + G- —* ^ + E 
(isomaltose) 
(b)G'E + G-G- » 9 + E 
G—G— 
(panose) 
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(c)G'E + 
(Isomalto triose) 
(d)G.E + 
(panose) G-G-
(4-a-isomaltotriosyl-
D-glucose) 
(G- represents a glucose unit; E, the enzyme; horizontal lines, a-1,4-
glucosldlc bonds; and vertical lines, a-1,6 linkages.) The workers 
concluded that the enzyme was capable of glucosyl transfer from the a-1,4 
position to the a-1,6 position. This reaction mechanism also was docu-^ 
mented for an a-glucosldase from a yeast, Saccharomyces pombe (Chlba and 
Shlmomura, 1966). 
Many workers have demonstrated the capability of maltases to transfer 
a glucosyl unit from maltose to a non-glucosldlc acceptor. Acceptors 
Include vitamins (ascorbic acid, pyrldoxlne, and riboflavin) and certain 
carbohydrates (fructose, D-galactose, D-mannose, L-sorbose, and D-aylose). 
(See Table 2 for references.) 
Molecular weights have been determined for a number of maltases 
from various sources (Table 3). Carbohydrate and amino acid conpo-
sltlons have been examined (Chlba, Saeki, and Shlmomura, 1973a; Saekl, 
Chlba, and Shlmomura, 1975; Yamasaki, Suzuki, and Ozawa, 1976b). Other 
physical and chemical properties of maltases are compared in the 
DISCUSSION. 
Physical Properties 
Table 3. Molecular weights of maltases from various origins 
Source Molecular weight Reference 
Aspergillus fumlgatus 
Bacillus cereus 
Bacillus subtllls 
Mucor javanicus 
Pénicillium purpurogenum 
Saccharomyces cerevislae 
Saccharomy ce s italicus 
Saccharomyces logos 
Rabbit intestine 
Rabbit muscle 
Rat liver 
63,560 
12,000 
33,000 
124,600 
120,000 
68,500 
85,000 
270,000 
235,000 
120,000 
114,000 
Rudick and Elbein, 1974 
Yamasaki and Suzuki, 1974 
Wang and Hartman, 1976 
Yamasaki, Suzuki, and Ozawa, 
1976b 
Yamasaki, Suzuki, and Ozawa, 
1976a 
Khan and Eaton, 1967 
HaIvorson and Ellias, 1958 
Chiba, Saeki, and Shimomura, 
1973a 
Takesue, 1969 
Carter and Smith, 1973 
Jeffrey, Brown and Brown, 
1970 
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MATERIALS AND METHODS 
Isolation of Extracellular Maltase Producers 
Soil samples, obtained from the Iowa State University Soil Testing 
Laboratory, were appropriately diluted and surface-plated onto a medium 
that consisted of 0.5% maltose, 0.5% Bacto-peptonized milk, 0..2% yeast 
extract, and 1.5% agar. Following an incubation period of 18 to 20 hr 
at 30 C, plates were overlaid with a PGO (peroxidase-glucose oxidase, 
Sigma Technical Bulletin No. 510, 1969, Sigma Chemical Co., St. Louis, 
Mo.) reagent that was prepared as follows (Wang, McWethy, and Hartman, 
1976); The contents of one PGO capsule (Sigma Chemical Co..) was dissolved 
in 100 ml of melted and cooled (45 C) 0.5% agar-0.5 M tris buffer (Trizma 
Base, Sigma Chemical Co.), pH 7.0; o-dianisidine dihydrocholoride was 
added as an aqueous solution to a final concentration of 0.004%. After 
a development time of 30 min at room temperature, orange-red zones formed 
around colonies of organisms that produced extracellular maltase. These 
colonies were immediately picked and streaked for isolation on plates of 
the same type of maltose-agar medium. After incubation, the isolates 
were again checked for extracellular maltase production; those organisms 
exhibiting extracellular activity on plates were subjected to shake 
culture in 0.5% maltose, 0.5% peptonized milk, and 0.2% yeast extract at 
30 C. About 30 ml of medium were used per 125-ml flask, inoculated with 
0.5 ml of a 24-hr broth culture and ig^ubated on a New Brunswick rotary 
platform shaker at 150 rpm. Cells were removed by centrifugation after 24 
hr of incubation at 30 C. Assays were conducted by using an automated 
method that is described in a subsequent section. Enzyme Assays. 
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Mutagenesis 
The method of Adelberg, Mandel, and Chen (1965) for N-methyl-Nnitro-
N-nltrosoguanidine (NG) mutagenesis was utilyzed. Cells, obtained from a 
logarithmically-growing culture on nutrient broth, were subjected to 100 
yg/ml NG, at a pH of 6.0 (0.05 M tris-maleate buffer) for 20 min. Cells 
were then removed by 0.45 U membrane filtration, suspended in nutrient 
broth, and allowed to undergo approximately two cell divisions, at 30 C 
(160 min), before being surface-plated onto 0.5% maltose-0.5% peptonized 
milk-0.2% yeast extract agar. Following an incubation period of 24 hr at 
30 C, colonies were screened for extracellular maltase production by using 
the agar plate procedure that was described above (Isolation of Extra­
cellular Maltase Producers). Colonies surrounded by large zones of 
activity were isolated and screened for enzyme production in broth culture 
by using the methods that were described in the previous section. 
Enzyme Assays 
Digests used for maltase assays consisted of 1 ml of the appropriate 
enzyme dilution plus 9 ml of 5 mM maltose (Calbiochem, San Diego, Calif.) 
in 0.1 M phosphate buffer, pH 6.5. Digests were incubated at 50 C for 
15 min, unless otherwise indicated, and reactions were stopped by heating 
in a boiling water bath for 5 minutes. The amount of glucose produced 
was determined with PGO reagent (Sigma Technical Bulletin No. 510, 1969) 
in 0.5 M tris buffer, pH 7.0. In some instances, glucose was assayed 
manually by incubating 0.5 ml of sample and 5.0 ml of PGO reagent for 
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30 min at 37 C. The colored reaction mixture was measured spectrmetri­
cally at 450 nm after the reaction was stopped by the addition of 1 ml 
of 4 N sulfuric acid. On other occasions, glucose was determined automati­
cally by using an AutoÂnalyzer (Technicon Corp., Tarrytown, N.Y.). Mani­
fold tubing sizes (I.D., in.) were as follows: Sample» 0.015, PGO reagent, 
0.051, air, 0.035, and waste, 0.040. A sangle to wash time of 1:1 and a 
rate of 20 sang»les per hr were used. Tubing dimensions (I.D. and length) 
were such that the sample-reagent mixture was incubated at 35 C for 
approximately 15 min before absorbance was measured on the AutoAnalyzer 
by using a 420 nm filter. Linear relationships were obtained in the 
range of 25 to 200 yg/ml glucose, manually, and 25 to 150 ug/ml, auto­
matically. One unit of maltase activity was defined as the amount of 
enzyme required to produce 1 ymole of glucose per ml per min from maltose, 
under the conditions indicated. 
Isomaltase activity was determined by using reaction mixtures 
containing 0.5 ml of enzyme dilution and 1.0 ml of 18 nM isomaltose 
(Calbiochem) in 0.1 M phosphate buffer, pH 6.5. Digests were incubated 
at 50 C for 60 min and were stopped by using 5-min exposures in a boiling 
water bath. One unit of isomaltase activity was defined as the amount of 
enzyme required to produce 1 yniole of glucose per ml from isomaltose, 
under the conditions indicated. 
Glucosyltransferase activity was assayed by using autoradiography. 
Digests consisted of 50 yl of enzyme dilution, 50 yl of 62 sM maltose 
in 60 mM disodium ^-glycerophosphate buffer, pH 6.5, and 100 yl of 60 mM 
uniformly labled, ^^C-glucose (New England Nuclear, Boston, Mass.; -
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specific activity= 4.2 mCi/mmole). Digests were incubated at 50 C; 
15-Ul aliquots were removed at various times and spotted onto chromato-
grams. After three ascents with the solvent, 70% n-propanol, labeled 
products were observed by using exposures to X-ray film (Eastman Kodak 
Co., Rochester, N.Y.). Exposure times were 1 to 3 days before develop­
ment. All labeled components were cut out from the chromatograms, placed 
at the bottom of scintillation vials, and counted by using a toluene 
cocktail (Permafluor, Packard Instrument Co., Inc., Downers Grove, 111.) 
and a Packard Tri-Carb Liquid Scintillation Spectrometer (Packard Instru­
ment Co., Inc.). Glucosyltransferase activity was defined as the relative 
per cent of counts per min transferred to oligosaccharides after 30 min 
of incubation of the reaction mixture. 
Protein Determination 
The method of Lowry et al. (1951) was used to determine protein 
concentration. Bovine serum albumin (Sigma Chemical Co., St. Louis, Mo.) 
was the protein standard. 
Purification of Extracellular Maltase 
The protocol developed for the purification of the extracellular 
maltase from Bacillus brevis is presented in Fig. 1. Details of proce­
dures developed for protein purification will not be given here, although 
descriptions of some of the experiments will be mentioned in the RESULTS 
and DISCUSSION sections of this dissertation. 
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I 
Filtrate 
(discard) 
DEAE-cellulos e 
(discard) 
Supernatant 
(discard) 
Cell-free Broth 
pH adjusted to 5.9, 4 C 
Batch Adsorption 
5 g/1 DEAE-cellulose, 4 C, 8 hr, 
constant stirring; 
Filter and wash with cold water 
Adsorb ec Enzyme 
Filter and wash with 0.5 M NaCl 
Filtrate 
Add solid (^8^)280^ to 85% 
saturation; 
Centrifuge at 16,000 x g 
Precipitate 
Dissolve in 0.05 M glycero­
phosphate buffer, pH 6.5 
Sephadex G-200 Gel Filtration 
Elute with 0.05 M glycero­
phosphate buffer, pH 6.5, 4 C, 
14 ml/hr 
Purified Maltase 
Fig. 1. Procedure of purification of the extracellular maltase of 
Bacillus brevis. 
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Disc-gel Electrophoresis 
The procedure of Davis (1964) for separation of proteins by disc-gel 
electrophoresis was modified. A Buchler Instruments (Fort Leé, N.J.) 
disc-gel electrophoresis apparatus was used. Acrylamide (Eastman Organic 
Chemicals, Rochester, N.Y.) and N,N-methylenebisacrylamide (Eastman Organic 
Chemicals) were recrystallized before use. Protein samples, in 10% 
sucrose, were applied directly on 7% separation gels in 6 (I.D.) x 170 mm 
tubes. A current of 3 mA per tube was delivered by a Voltage and Current 
Regulated D.C. Power Supply (Buchler Instruments). Proteins were subjected 
to electrophoresis for 6 hr at 4 C. Protein bands were fixed and stained 
with Coomassie brilliant blue by the method of Ortec, Inc. (Application 
Note 32 A: Techniques for High Resolution Electrophoresis, 1973). 
Bands of maltase activity were detected by the following method: 
5 X 11.5 cm glass slides were overlaid with 10 ml of 0.5% maltose-1.0% 
agar in 0.1 M phosphate buffer, pH 6.5. Gels from electrophoresis were 
layed on freshly-prepared maltose-agar slides and incubated at 40 C for 
2 hr. After removal of gels, the slides were overlaid with 6 ml of 
PGO-0.5% agar reagent in 0.5 M tris buffer, pH 7.0. 
Isoelectric Focusing 
The method of Ortec, Inc. (Application Note 32 A: Techniques for 
High Resolution Electrophoresis, 1973) for isoelectric focusing was used. 
Ampholine carrier auçholytes, pH 3.5-10 (LKB Instruments, Inc., Chicago, 
111.) were suspended in 5% focusing gels; gels were contained in 6 (I.D.) 
X 170 mm glass tubes. Gels were subjected to a power setting of 150 V for 
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12 hr at 4 C. The gels were either stained with Coomassie brilliant blue 
or sliced into 2 mm sections, eluted in 0.5 ml-volûmes of buffer at 4 C, 
and assayed for enzyme activity. 
Paper Chromatography 
30 X 30-cm pieces of Whatman No. 1 filter paper were spotted with 
sauçles 2.5 cm from the bottom edge and stapled into cylinders. The 
solvent was 70% n-propanol filled to a depth of 1 cm in 15 x 45-cm 
cylindrical tanks (Pyrex). Three ascents of approximately 25 cm were 
conqpleted on each chromatogram at 35 C. After drying, the chromatograms 
were developed by the silver nitrate dip method (Robyt and French, 1963). 
Molecular Weight Determination 
Molecular weight was determined by using Sephadex G-200 gel filtration 
(Calibration instruction manual for protein molecular weight determi­
nations by Sephadex gel filtration, 1969, Pharmacia Fine Chemicals Inc., 
Piscataway, N.J.). A 2.5 x 100-cm column was packed to a height of 76 cm 
with Sephadex G-200 (Pharmacia Fine Chemicals) and equilibrated with 
0.05 M sodium ^-glycerophosphate buffer, pH 6.5. A flow rate of 14 ml/hr 
at 4 C was used. Molecular weight markers were aldolase, chymotrypsinogen 
A, ovalbumin, and ribonuclease A (Calibration Kit, Pharmacia Fine 
Chemicals). K^^was defined as Vg-Vo/V^-Vg, where Vg,=elution volume for 
the protein, V^=void volume, and V^=total bed volume. 
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RESULTS 
Isolation and Identification 
Approximately 500 samples were examined. Of over 100 isolates 
capable of producing extracellular maltase on maltose-agar plates, only 
39 were able to produce extracellular activity in broth culture. Thirty-
eight of these organisms were identified as Bacillus species and one as 
a member of the genus, Pseudomonas. Employing the identification schemes 
of Gordon, Haynes, and Fang (1973) and Buchanan and Gibbons (1974), 31 of 
the Bacillus isolates were identified to species: IB. psychrosaccharo-
lyticus, 18 isolates; subtilis, 4 isolates; B^. globisporus, 3 isolates; 
B^. badius, 2 isolates; JB. brevis, 2 isolates; B. licheniformis, 1 isolate; 
and psychrophilus, 1 isolate. 
The morphological and biochemical characteristics of one isolate, 
identified as Bacillus brevis, are presented in Table 4. The B. brevis 
isolate produced the greatest amount of extracellular maltase activity 
(0.8 ymole glucose fonned/ml/30 min at 35 C) of the 39 isolates examined 
in shake culture. 
Mutagenesis 
Following mutagenesis and screening, one three-step mutant, which pro­
duced the greatest amount of extracellular maltase in broth culture, was 
further examined in this study. The mutant has been deposited in the 
culture collection at the Northern Regional Research Center (Agricultural 
Research Service, U.S. Department of Agriculture, 1815 University St., 
Peoria, 111., 61604) and has been designated as B-4389. B-4389 produced 
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Table 4. Characterization of maltase producer, Bacillus brevis B-4389 
Colonial morphology: Spherical colonies, 2-5 mm dia.. 
gray-white, glossy, translucent, 
entire margin 
Rod shaped, 0.5-1.0 x 2-4 U 
Endospore formation in Sdiaeffer's 
Sporulation Medium after 24 hr, 
centrally located 
Non-motile 
Growth in anaerobic agar -
Voges-Proskauer -
Methyl red -
Minimum growth temperature 0-10 C 
Maximum growth temperature 45-50 C 
Growth in 5% NaCl -
Growth at pH 5.7 -
Growth in azide-dextrose broth -
Fermentations: 
arabinose -
glucose -
maltose -
mannose -
trehalose -
xylose -
Starch hydrolysis weak + 
Utilization of citrate -
Utilization of propionate -
Dihydroxyacetone production + 
Indole production -
Deamination of phenylalanine -
Deconçosition of casein + 
Decomposition of tyrosine + 
Reaction in litmus milk: slight 
reduction, curd formation 
Reduction of nitrate + 
Cellular morphology: Gram positive 
Physiology: Catalase + 
^oshikawa, 1965. 
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extracellular maltase in a quantity of 1.8 imole glucose produced/ml/30 
min at 35 C. This was an increase of 2.3 fold over maltase production by 
the parent strain. Otherwise, B-4389 remained morphologically and 
physiologically identical to the parent brevis strain. 
Development of Production Medium 
Experiments involving the development of a production medium 
were carried out by using 125-ml flasks containing 50 ml of test media 
and 0.5% Inocula of logarithmically-growing cells of B^. brevis B-4389. 
Cultures were incubated in duplicate on a New Brunswick Scientific Co., 
Inc. (New Brunswick, N.J.) rotary platform shaker (150 rpm) for 24 hr at 
30 C. 
Shown in Table 5 are the results of the effects of various nitrogen-
sources on extracellular maltase production by B-4389. Non-fat dry milk 
affected the greatest amount of extracellular activity when 0.5% maltose 
and 0.4% yeast extract were present. The following nitrogen-sources 
resulted in either the lack of maltase activity or growth: Neopeptone, 
Proteose Peptone, sodium caseinate, Tryptose (Difco Laboratories, Detroit, 
Mi.), (NH^)2S0^, and (NH^)2^^^^* (No growth occurred in the absence of 
a nitrogen-source.) 
The effects of various carbohydrates on maltase production by 
B-4389 were examined in duplicate in a 0.5% non-fat dry milk-0.4% yeast 
extract basal medium (Table 6). Maltose caused the greatest production 
of extracellular activity. As the degree of polymerization (DP) was 
increased, maltase production, correspondingly decreased; examples were 
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Table 5. Effects of various nitrogen-sources on extracellular maltase 
production by B-4389& 
Nitrogen source Concentration U/ml^ Final pH 
(%) 
Non-fat dry milk 0.5 2.00 7.1 
NZ-Amine type 0.5 1.54 6.6 
NZ-Amlne type 0.5 1.51 6.6 
NZ-Amine type 0.5 1.40 6.7 
Trypticase^ 0.5 1.40 6.8 
Peptonized milk® 0.5 1.35 6.2 
Hycase Amino^ 0.5 1.30 6.5 
Hycase S.F.c 0.5 1.24 6.7 
Vitamin-free 0.5 1.23 6.8 
casamino acids® 
Phytone*^ 0.5 1.18 6.3 
Urea 0.1 1.00 7.1 
NH4NO3 0.2 0.86 7.5 
NZ-CaseC 0.5 0.76 6.7 
NZ-Amine type 0.5 0.76 6.8 
NZ-Amine type AS^ 0.5 0.75 6.8 
Casitone® 0.5 0.73 6.7 
Polypeptone^ 0.5 0.63 7.2 
Soytone® 0.5 0.60 6.8 
Tryptone® 0.5 0.51 6.4 
NZ-Amine type NAK^ 0.5 0.47 6.5 
Peptone® 0.5 0.45 6.7 
^Medla contained 0.5% maltose and 0.4% yeast extract. 
^U=ymole glucose formed/ial/30 min at 35 C; average of two super-
natants. 
c » 
Sheffield Chemical, Norwich, N.Y. 
^BBL, Cockeysville, Md. 
®Difco Laboratories, Detroit, Mi. 
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Table 6. Effects of various carbohydrates 
production by B. brevis B-4389 
on extracellular maltase 
Carbohydrate^ U/ml^ Final pH 
Maltose 2.17 6.5 
Maltrin-10^ 1.67 6.3 
G40'' 1.01 6.9 
Dry Diamalt Diastatic^ 0.78 5.5 
Dextrine 1670^ 0.72 7.0 
Esculin 0.51 6.7 
None 0 7.5 
Concentration of 1.0% in 0.5% non-fat dry milk-0.4% yeast extract 
medium. 
^J=ymole glucose formed/ml/30 min at 35 C; average of two super-
natants. 
"^Starch hydrolyzate containing a mixture of oligosaccharides 
with and average degree of polymerization (DP) of 10, Grain Processing 
Corp., Muscatine, la. 
"Wltodextrin mixture with an average DP of 40, J. F. Kobyt, 
Iowa State University, Ames, la. 
®Standard Brands, Inc., New York, N.Y. 
^According to the manufacturer, Lionel Corp., Hagerstown, Md., 
this preparation had an average DP of 1670. 
maltose, Maltrin-10 (Grain Processing Corp., Muscatine, la.), G^Q 
(J. F. Robyt, Iowa State University, Ames, la.), and Dextrine 1670 
(Lionel Corp., Hagerstown, Md.) that had DPs of 2, 10, 40, and 1670, 
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respectively. Small amounts of extracellular activity were recovered 
when Dry Dlamalt Diastatic (Standard Brands, Inc., New York, N.Y.), a 
malt extract, or esculin, 6,7-dihydrocoumarin-6-glucoside, were added. 
Low maltase yields in the Diamalt medium may have been caused by the 
presence of fermentable sugars that resulted in lowering of the pH during 
the fermentation. 
No maltase activity was recovered from supernatants when aiqr of the 
following carbohydrates were added at a concentration of 1.0%: Anylo-
pectin, L-arabinose, cellobiose, dextrin, dulcitol, erythritol, D-fructose, 
D-galactose, D-glucose, glycerol, glycogen (shellfish), inositol, inulin, 
D-lactose, D-mannitol, D-mannose, methyl-a-D-glucoside, raffinose, 
D-ribose, salicin, D-sorbitol, starch (soluble), sucrose, Texrez Extender 
G (Stein, Hall and Co., New York, N.Y.), trehalose, and D-^^lose. In 
the absence of added carbohydrate, no extracellular maltase was produced 
(Table 6). 
The vitamin source, yeast extract, was approximately ten times 
superior to equivalent quantities of malt and beef extracts for extra­
cellular enzyme production by B-4389. 
When various salts were individually incorporated (0.01%) into the 
0.5% maltose-1.5% non-fat dry milk-0.4% yeast extract medium, CaCl2 
caused a slight stimulation of extracellular maltase activity; CaCl2 
was, therefore, introduced into the production medium. Other salts 
examined at the 0.01% level were CoCl2*6H20, CuS0^»5H20, FeS04*7H20, KCl, 
MgCl2*6H20, MgS0/^*7H20, HnS04*H20, NaCl, NaNO^, and ZnSO^; these resulted 
in no significant stimulatory effects. 
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The surfactants, Tween 80 and Tween 20 (Fisher Scientific Co., Fair 
Lawn, N.J.)» had no stimulatory effects on maltase production by B-4389. 
brevis B-4389 was grown in various concentrations of maltose, 
non-fat dry milk, and yeast extract, each in duplicate. The results of 
these experiments are shown in Table 7. As the maltose concentration was 
increased to 2.5%, extracellular maltase production increased. Maximum 
yields of enzyme were attained in the presence of 0.5% non-fat dry milk 
and 0.4% yeast extract. Yeast extract concentrations of 0.05 and 0.1% 
resulted in limited growth and maltase production. 
The production medium that was adopted for further studies contained 
2.5% maltose, 0.5% non-fat dry milk, 0.4% yeast extract, and 0.01% CaCl2. 
Optimum production of enzyme in duplicate flasks occurred when an 
initial pH of 6.3 was used (Table 8). The optimum growth temperature, 
30 C, was also optimum for extracellular maltase production.. 
Experiments were conducted to test the possibility of maltase induc­
tion in B^. brevis B-4389. 125-ml flasks containing 50 ml of 0.5% non­
fat dry milk, 0.4% yeast extract, and 0.01% CaCl2, were inoculated with 
0.5 ml of logarithmically-growing cells of B-4389. After 4 hr of growth 
(mid-logarithmic phase) at 30 C on a platform shaker, various carbohy­
drates were added. At 8 hr (stationary phase), 4 hr after carbohydrate 
addition, cells were removed by centrifugation and supernatants were 
assayed for maltase activity (Table 9). Compared on a molar basis (2 mM), 
maltotriose resulted in a 34% greater maltase induction than maltose; 
compared on a percentage basis (0.1%) the maltose and maltotriose 
responses were equal. Dry Diamalt Diastatic and Maltrin-10 caused lesser 
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Table 7. Effects of various concentrations of maltose, non-fat dry milk, 
and yeast extract on extracellular maltase production by 
B. brevis B-4389& 
Maltose Non-fat dry Yeast extract U/mlb Final pH 
(%) milk (%) (%) 
0.5 0.1 0.05 0.82 6.8 
0.5 0.1 0.1 1.05 7.3 
0.5 0.1 0.4 1.81 6.4 
0.5 0.5 0.05 0.91 7.1 
0.5 0.5 0.1 1.18 7.3 
0.5 0.5 0.4 1.86 7.3 
0.5 1.0 0.05 0.94 7.1 
0.5 1.0 0.1 1.27 7.2 
0.5 1.0 0.4 1.96 7.4 
1.0 0.1 0.05 0.88 6.8 
1.0 0.1 0.1 1.11 7.0 
1.0 0.1 0.4 1.74 6.3 
1.0 0.5 0.05 0.91 7.0 
1.0 0.5 0.1 1.23 7.3 
1.0 0.5 0.4 2.11 6.7 
1.0 0.5 0.5 2.09 6.3 
1.0 0.5 0.6 2.16 6.2 
1.0 1.0 0.05 0.88 7.1 
1.0 1.0 0.1 1.29 7.2 
1.0 1.0 0.4 2.05 7.4 
2.5 0.5 0.4 2.40 6.0 
2.5 0.5 0.5 2.24 5.9 
2.5 0.5 0.6 2.32 5.9 
5.0 0.1 0.05 0.54 5.7 
5.0 0.1 0.1 1.67 6.0 
5.0 0.1 0.4 1.79 5.9 
5.0 0.5 0.05 1.17 6.5 
5.0 0.5 0.1 1.08 6.7 
5.0 0.5 0.4 2.51 5.9 
5.0 0.5 0.5 2.33 5.8 
5.0 0.5 0.6 2.29 5.9 
5.0 1.0 0.05 0.42 7.0 
5.0 1.0 0.1 1.25 7.1 
5.0 1.0 0.4 2.46 6.5 
^dla contained 0.01% CaCl2; initial pH»6.9. 
^U«vtmole glucose formed/ml/30 mln at 35 C; average of two supematants. 
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Table 8. Effects of initial pH on maltase production by brevls B-4389^ 
Initial pH U/inl^ Final pH 
5.0 0 4.8 
5.5 0 5.1 
6.0 2.31 6.5 
6.3 2.51 6.8 
6.5 2.42 6.9 
6.8 2.04 7.2 
7.0 1.42 7.2 
7.3 1.46 7.3 
7.5 1.57 7.2 
7.8 1.43 7.3 
^The medium consisted of 2.5% maltose, 0.5% non-fat dry milk, 0.4% 
yeast extract, and 0.01% CaCl2; pH was adjusted to an initial pH value 
before being sterilized. 
bu=]imole glucose formed/ml/30 min at 35 C; average of two super-
natants. 
Table 9. Induction of extracellular maltase of B. brevis B-4389 
Carbohydrate^ Concentration U/ml^ 
Maltotriose 2 mM=0.1% 1.73 
Maltose 2 mM 1.15 
0.1% 1.75 
Dry Diamalt Diastatic 0.1% 0.98 
Maltrin-10 0.1% 0.35 
None — —  0 
^Added at 4 hr after inoculation to 0.5% non-fat dry milk, 0.4% yeast 
extract, and 0.01% CaCl2 (30 C); extracellular maltase assayed at 8 hr. 
^U=iJmole glucose formed/ml/30 min at 35 C. 
36 
T^oifaa* Inductions. The following carbohydrates (0.1%) were negative 
for enzyme induction: Anylopectin, Dextrine 1670, esculin, G^, glucose, 
glycogen (shellfish), isomaltose, methyl-a-D-glucoside, p-nitrophenyl-a-
D-glucoside, starch (soluble), and sucrose. In the absence of added 
carbohydrate, no maltase was produced (Table 9). 
Figure 2 shows the relation of cell growth to maltase production. 
Experiments were carried out by using Fembach flasks containing 1200 ml 
of 0.5% non-fat dry milk, 0.4% yeast extract, and 0.01% CaCl2 incubated 
at 30 C on a rotary platform shaker; 1% inocula of stationary phase 
cultures, grown on the same medium, were used. Maltose was added as an 
autoclaved solution at 0 (time of inoculation), 4 (mid-logarithmic phase), 
and 8 hr (early stationary phase) of the growth phase; extracellular 
and cell-bound maltase, and total and viable cell counts were determined 
periodically. 
When maltose was added to a concentration of 1.0% at the time of 
inoculation, extracellular maltase was produced during the logarithmic 
phase of growth; the level obtained during stationary phase remained 
relatively unchanged. No cell-bound maltase activity was recovered 
throughout the experimental period.. 
When maltose (1.0%) was added at 4 hr, extracellular maltase was 
first detected 60 to 75 mln following its addition. Subsequent to this 
initiation period, the enzyme was rapidly produced until the culture 
entered the stationary phase of growth. Before a stable level of extra­
cellular activity was attained, however, a transient drop in activity was 
Fig. 2. Relationship between viable cell count and extracellular 
maltase production by brevis B-4389 when 1.0% maltose was 
added at 0 hr (^,#), 4 hr (0"0) » and 8 hr ( after inocu­
lation. 
g 
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noted at 9 hr; this phenomenon was reproducible and appeared in all three 
experiments that were conducted. Enzyme levels that were obtained 
following the 4 hr addition of maltose were never as high as those attained 
v^en maltose was incorporated at the time of inoculation. 
When maltose (1.0%) was added after 8 hr of incubation, only small 
amounts of extracellular activity were induced. No maltase activity was 
detected when maltose was not incorporated into the medium. For all of 
the above responses, including the control culture, equivalent viable 
cell counts were obtained. Similar results were obtained when 2.5% maltose 
was used for induction studies, except that higher levels of extracellular 
enzyme were obtained by the time that the cultures had reached the station­
ary phase of growth. 
Properties of Crude Maltase 
A crude maltase preparation was obtained by amnonium sulfate precip­
itation (85% saturation) of a supernatant from a 13-hr (stationary phase) 
culture of brevis B-4389 (Fig. 1). The organism was grown on the 
production medium at 30 C. The precipitate was dissolved in 0.067 M 
phosphate buffer, pH 6.5, and was dialyzed against the same buffer to 
remove residual ammonium sulfate. 
The optimum pH for activity of the crude maltase was 6.5 (Fig. 3). 
The optimum temperature of activity was 50-55 C, as shown in Fig. 4. 
When the crude maltase was subjected to pH values of 5.5 to 8.0 for 3 hr 
at 40 C, no activity was lost (Table 10). Following 3-hr exposures at 50, 
55, and 60 C (pH 6.5), 100, 79, and 0% of activity, respectively, was 
recovered (Fig. 5). 
Fig. 3. pH-activity profile of a crude extracellular maltase preparation from JB* brevls B'«-4389. 
Digests were Incubated at 50 C for 30 mln In 0.1 M phosphate buffer; the enzyme activity 
at pH 6.5 was taken as 100%. 
RELATIVE ACTIVITY,» 
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Fig. 4. Temperature-activity profile of a crude extracellular maltase preparation from breyis 
B-4389. 
Digests were incubated for 30 min in 0,1 M phosphate buffer, pH 6,5; the enzyme activity 
at 55 C was taken as 100%. 
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Fig. 5. Temperature stability of a crude extracellular maltase preparation from I[. brevls B^389. 
The maltase preparation was diluted In 0«1 M phosphate buffer» pH 6.5, and held at various 
temperatures; residual activities were measured at various time intervals. 
Digests were Incubated at 50 C for 30 mln in 0.1 M phosphate buffer, pH 6.5. 
% ACTIVITY 
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Table 10. pH stability of a crude maltase preparation from B. brevis 
3-4389* 
pH Relative Activity (Z)^ 
5.5 104 
6.0 100 
6.5 100 
7.0 100 
7.5 100 
8.0 100 
Control^ 100 
^3-hr exposures at 40 C. 
^Digests were incubated at 50 C and pH 6.5 for 30 min. 
^3-hr exposure at 0 C and pH 6.5. 
The results of substrate specificity of the crude preparation are 
presented in Table 11. The enzyme preparation exhibited a strong prefer­
ence for maltose; maltotriose was hydrolyzed at one-tenth the rate of 
maltose. The small amounts of activity on 640» soluble starch, and 
amylopectln could be attributed to small, contaminating oligosaccharides 
in these substrates. 
Purification 
In order to develop an effective method for batch adsorption of 
maltase from supematants, various ion-exchange materials were examined, 
each at a number of different pH values (Table 12). Ion-exchangers 
examined were diethylamlnoethyl (DEAE)-cellulose (Type 20 and Type 40, 
Carl Schleicher & Schuell, Co., Keene, N.H., and DE52, Whatman Inc., 
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Table II. Substrate specificity of the crude maltase preparation from 
brevis B-4389. 
Substrate Relative Activity* 
(0.5%) (%) 
Maltose 100 
Maltotriose 10 
G40 7 
Soluble Starch 6 
Amylopectin 5 
^Digests were incubated at 50 C and pH 6.5 for 30 min. 
Clifton, N.J.), DEAE-Sephadex A-50 (Pharmacia Fine Chemicals, Piscataway, 
N.J.), carboxymethyl (CM)-cellulose (Nutritional Biochemicals Corp., 
Cleveland, Ohio), aminoethyl (AE)-cellulose (Cellex-AC, Bio-Rad Labora­
tories, Richmond, Calif.), epichlorohydrin ethanolamine (ECTEOLA)-
cellulose (Cellex-E, Bio-Rad), sulfoethyl (SE)-cellulose (Cellex-SE, Bio-
Rad), triethylaminoethyl (TEAE)-cellulose (Cellex-T, Bio-Rad), and a 
carboxylic acid cation exchange resin, Bio-Rex 70 (Bio-Rad). 10-ml of 
supernatant from a 13-hr (stationary phase) culture of B-4389 were 
subjected to specific amounts of ion-exchanger (depending upon the 
exchanger's protein capacity). An adsorption period of 18 hr at 4 C was 
used; sançles were agitated periodically. Results (Table 12) are 
expressed as percent maltase activity adsorbed {activity of control 
(100%)-% relative activity recovered from supernatant}. Control sançles 
were incubated in the absence of ion-exchangers for 18 hr at 4 C at 
each pH value used. 
Table 12. Adsorption of maltase activity from a supernatant of B. brevis B-A389 by various ion-
exchangers 
pH DEAE-C^ 
(Type 20) 
DEAE-C^ 
(Type 40) 
DEAE-C*^ 
(DE52) 
TEAE-C^ 
Adsorption (%)* 
DEAE-S® CM-C^ ECTEOLA-C® AE-C** SE-C^ Bio-Rex 70^ 
5.5 100 100 71 96 74 53 0 9 16 9 
6.0 100 93 68 75 89 11 14 14 21 11 
6.5 92 92 58 73 67 4 0 19 0 0 
7.0 92 98 74 88 85 3 39 33 9 58 
7.5 92 94 68 92 79 0 0 0 13 10 
^Activity of control (100%)-% relative activity recovered; digests were incubated at 50 C and 
pH 6.5 for 30 min. 
^Diethylaminoethyl-cellulose, 0.1 g/10 ml. 
^iethylaminoethyl-cellulose, 0.2 g/10 ml. 
^Triethylaminoethy1-cellulose, 0.1 g/10 ml. 
^Diethylaminoethyl-Sephadex A-50, 0.02 g/l6 ml. 
^Carboxymethyl-cellulose, 0.1 g/10 ml. 
^Epichlorohydrin ethanolamine-cellulose, 0.1 g/10 ml. 
^Aminoethyl-cellulose, 0.1 g/10 ml. 
^Sulfoethyl-cellulose, 0.1 g/10 ml. 
^0.2 g/10 ml. 
49 
Greater than 90% adsorption was achieved with DEAE-cellulose Types 
20 and 40 at all pH values examined; 100% adsorption was attained with 
Type 20 at pH 5.5 and 6.0. Therefore, DEAE-^ellulose Type 20 was the 
lonr-exchanger of choice in this study. 
Six Femback flasks, each containing 1100 ml of 2.5% maltose, 0.5% 
non-fat dry milk, 0.4% yeast extract, and 0.01% CaClg (pH 6.3) were used 
for enzyme production. The flasks were Inoculated to 1.0% with logar-
Ithmically-growing cells of B^. brevis B-4389 grown in the same medium. 
After incubation on a platform shaker for 15 hr at 30 C the cells were 
removed at 4 C by using a Sharpies Super Centrifuge (Sharpies Corp., 
Philadelphia, Pa.) at 46,000 x g, yielding 6040 ml of supernatant. 
DEAE-cellulose Type 20 (Carl Schleicher & Schuell» Co.) was added 
to the cold supernatant, adjusted to pH 5.9, at a concentration of 5 g/1. 
Maltase activity was allowed to adsorb for 8 hr at 4 C (6 hr with constant 
stirring and the final 2 hr, without). The DEAE-cellulose was collected 
by vacuum filtration by using Whatman No. 1 filter paper and was washed 
with five 100-ml portions of cold delonlzed water. No maltase activity 
was recovered from the supernatant, indicating 100% adsorption of the 
enzyme. The adsorbed enzyme was eluted with 0.5 M NaCl and constant 
stirring at 4 C for 4 hr per elution; three elutions of approximately 
500 ml each, were necessary to achieve greater than 95% desorptlon. 
The eluate was treated by slowly adding solid (NE^)280^ to 85% 
saturation over an ethanol-lce bath (-3 C) with constant stirring; the 
suspension was allowed to stand overnight at 4 C. The precipitate was 
collected by using a model RC^2B Sorvall centrifuge (Ivan Sorvall, Inc., 
50 
Norwalk, Conn.) at 16,000 x g for 30 min and then was dissolved in 0.05 M 
sodium ^glycerophosphate buffer, pH 6.5. A total volume of 145 ml of 
crude maltase was obtained. 
20-ml portions of crude maltase were subjected to Sephadex G—200 gel 
filtration. A 2.5 x 100-cm column (Parmacia Fine Chemicals) was packed 
at room temperature to a height of 76 cm with Sephadex G-200 (Pharmacia 
Fine Chemicals), previously swelled for 48 hr in 0.05 M sodium 3-glycer-
ophosphate buffer, pH 6.5; the column was equilibrated with the same 
buffer at 4 C. A flow rate of 14 ml/hr was used; 5-ml fractions were 
collected at 4 C. A single peak of maltase activity, directly 
corresponding to one of isomaltase activity, was obtained from gel filtra­
tion (Fig. 6). Fractions corresponding to 200 through 275 ml were pooled, 
frozen at —20 C, and designated as purified maltase. These preparations, 
obtained from each gel filtration of crude maltase samples, were pooled 
to yield 556 ml of purified enzyme. 
The procedures developed for purification of extracellular maltase 
from brevis B-4389 are summarized in Fig. 1 and the results are 
presented in Table 13. Maltase, isomaltase, and glucosyltransferase 
activities were monitored throughout purification; the enzyme activities 
were purified 20.0-, 19.1-, and 11.5-fold, respectively. The overall 
yield of maltase activity was 73%. 
Electrophoresis and Isoelectric Focusing 
When samples of crude maltase were subjected to disc-gel elec­
trophoresis, most of the maltase activity remained in the top 2 mm; 
Fig. 6. Elutlon pattern from a Sephadex G^200 column of the extracellular maltase from breyls 
B-4389. 
Column: 2.5 x 76 cm; flow rate: 14 ml/hr; void volume: 145 ml; 0 represents the end of 
the void volume. 
Key: (# #) maltase activity, (OH» Isomaltase activity, and (#—#) absorbance at 280 nm. 
UNITS PER ML 
S 8 2 § I 
ABSORBANCE (280 nm) 
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Table 13. Parameters observed during the purification of extracellular maltase of breyls B-4389 
Maltase Isomaltase Transferase 
Purification Step Volume Protein 
(ml) (mg/ml) U/ml S.A. Fold U/ml S.A. Fold U/ml S.A. Fold 
Cell-free broth 6040 2.92 3.89 1.33 1 0.33 0.11 1 94 33 1 
Crude maltase 145 16.7 119 7.1 5.3 8.0 0.48 4.4 2700 160 4.8 
Purified maltase 556 1.16 30.8 26.6 20.0 2.4 2.1 19.1 440 380 11.5 
^Specific activity: U/mg protein. 
54 
however, a small amount of secondary activity was detected, which had a 
relative mobility (distance traveled by protein/distance traveled by brom 
phenol blue) of 0.40. This band corresponded to a major protein band 
in stained gels. Electrophoresis of the purified preparation revealed 
that all detectable enzyme activity remained at the top of the gels; no 
secondary bands were observed. When these gels were stained for protein, 
two bands, one major and one minor, with relative mobilities of 0.40 and 
0.74, respectively, were detected; no protein was stained at the gel 
surface where maltase activity was verified. 
When the purified enyzme preparation was subjected to isoelectric 
focusing, a single band of maltase activity was detected. The enzyme 
activity had an isoelectric point of pH 5.2 and correlated directly to a 
major band of protein when stained. Isomaltose activity also was 
associated with this major protein band. Two minor protein bands also 
were detected by the staining method, verifying that the purified maltase 
was not a homogeneous preparation. 
Characterization 
The partially purified maltase of ^  brevis B-4389 had an optimum 
pH of activity of 6.5 (Fig. 7) and an optimxjm temperature of 48-55 C 
(Fig. 8). The enzyme was stable to pH values of 5.0 to 7.0 for 3 hr at 
40 C (Table 14); however, after exposure to pH values of 8.0 and 8.5, 
little activity was recovered. Figure 9 shows the results of temper­
ature stability experiments. The purified preparation was stable to 3-hr 
exposures (pH 6.5) at 40 to 50 C; however 28% of the maltase activity 
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Table 14. pH stability of the partially purified extracellular naltase 
from B. brevis B-4389^ 
pH Residual Activity (%)^ 
5.0 96 
5.5 96 
6.0 97 
6.3 99 
6.4 100 
6.5 99 
6.6 99 
6.7 100 
7.0 100 
7.5 92 
8.0 12 
8.5 0 
^Maltase was diluted in 0.1 H phosphate buffer adjusted to the desired 
pH value, and incubated at 40 C for 3 hr. 
^Digests were incubated at 50 C for 15 min in 0.1 M phosphate buffer, 
pH 6.5. 
was lost after 3 hr of incubation at 55 C and the enzyme was extremely 
labile at 60 and 65 C (Fig. 9). 
When examining various buffer systems, it was determined that equally 
optimal enzyme activity was attained in 0.1 H Sorensen's citric acid, 0.1 M 
pH-activity profile of the partially purified extracellular maltase from brevis B-4389. 
Digests were incubated at 50 C for 15 min in 0.1 M phosphate buffer; the maltase concen­
tration was 0.31 U/ml. The enzyme activity at pH 6.5 was taken as 100%. 
RCLATiVI ACnVITY,^  
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Fig. 8. Temperature-activity profile of the partially purified extracellular maltase from B. brevis 
B-4389. 
Digests were incubated for 15 min in 0.1 M phosphate buffer, pH 6,5; the maltase concen­
tration was 0.31 U/ml. The enzyme activity at 48 C was taken as 100%. 
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Fig. 9. Temperature stability of the purified maltase preparation from brevls B-4389. 
The maltase preparation was diluted In 0.1 M phosphate buffer, pH 6.5, and held at 
various temperatures; residual activities were measured at various time Intervals. 
Digests were Incubated at 50 C for 15 mln In 0.1 M phosphate buffer, pH 6,5; the maltase 
concentration was 0.31 U/ml. 
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McUvaine^s citric acid-phophate, 0*1 M Sorensen's phosphate, and 0.1 M 
sodium ^glycerophosphate buffers, pH 6.5., 
The molecular weight of the purified enzyme, as determined by 
Sephadex G-200 gel filtration, was 52,000 (Fig. 10). Aldolase (M..W, 
158,000), ovalbumin (M.W. 45,000), chymotrypsinogen A (M.W. 25,000), and 
ribonuclease A (M.W. 13,700) were used as molecular weight markers. 
The results of experiments conducted to determine the substrate speci­
ficity of B-4389 maltase are presented in Table 15. Substrates containing 
a-1,4 glucosidic bonds were most rapidly hydrolyzed. For these substrates, 
generally, as the degree of polymerization increased, hydrolytic 
activity decreased. Methyl-a-D-maltoside was hydrolyzed at one tenth 
the rate of maltose, and a small amount of activity was detected on the 
a-1,6 disaccharide, isomaltose. Only a slight amount of activity was 
detected on soluble starch. The following carbohydrates (1 mg/ml) were 
not hydrolyzed by the B-4389 enzyme; Amylopectin, amylose (potato), cello-
biose, dextran, gentiobiose, glycogen (oyster), lactose, melezitose, 
melibiose, methyl-a-D-glucoside, methyl-3-D-glucoside, p-nitrophenyl-a-
D-glucoside, p-rnitrophenyl-^g-^IX-glucoside, pheny 1-a-D-glucoside, phenyl-
^D-glucoside, D-raffinose, a- and 3-Schardinger dextrine, sucrose, 
trehalose, and D-turanose. 
The effects of various carbohydrates on maltase activity were 
examined and the results are shown in Table 16. D-glucose and p-nitro-
phenyl-<x-D-glucoside were strongly inhibitory at 5 mM concentrations, 
g-rgluconolactone was a weak inhibitor at a concentration of 50 mM. All 
Ifolecular weight determination of the extracellular maltase 
from brevls B-4389 by using Sephadex G-200 gel filtration. 
Column: 2.5 x 76 cm; flow rate: 14 ml/hr; V^: 145 ml; V*: 
380 ml. 
Molecular weights of the standard proteins were: aldolase, 
158,000; ovalbumin, 45,000; chymotrypsinogen A, 25,000; and 
ribonuclease A, 13,700. 
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Table 15. Substrate specificity of partially purified extracellular 
maltase from brevis B-4389 
Substrate Relative Rate of Hydrolysis^ 
(1 mg/ml) (%) 
Maltose 100 
Maltotriose 22 
Maltrin—10 14 
Maltotetraose 12 
Methyl-oi—D-jnaltoside 10 
«40 1» 
Dextrine 1670 9 
Dextrin 8 
Isomaltose 5 
Soluble starch < 1 
digests were incubated at 50 C for 20 min in 0.1 M phosphate buffer, 
pH 6,5; the enzyme concentration was 0.31 U/ml. 
other carbohydrates examined (Table 16) had little or no effect on enzyme 
activity under the test conditions. 
Tris was a strong inhibitor of brevis maltase activity (Table 17). 
The sulfhydryl-binding reagents, p^hloromercuribenzoic acid, 
N—ethylmaleimide, iodoacetamide, and iodoacetic acid; the reducing agent, 
L-cysteine; and the amine, L—histidine, had no effect on maltase activity. 
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Table 16. The effects of various carbohydrates on the extracellular 
maltase from B. brevls B-^389 
Carbohydrate Concentration Residual Activity^ 
(nM) (%) 
L-arabinose 5 108 
10 104 
erythritol 5 100 
10 100 
D-fructose 5 101 
10 101 
D-galactose 5 103 
10 103 
D-gluconate 5 101 
10 103 
a-gluconolactone 5 98 
10 98 
50 85 
D-glucosamine«HCl 5 101 
10 98 
D-glucose 5 87 
10 50 
glycerol 5 102 
10 103 
D-lactose 5 103 
10 103 
maltltol 5 109 
10 109 
mannitol 5 101 
10 102 
D-mannose 5 102 
10 103 
melezltose 5 103 
10 102 
D-melibiose 5 101 
10 102 
methyl-a-D-galactoside 5 99 
10 94 
methyl^-D-glucoside 5 102 
10 108 
l-o-methyl-i-g-D-glucoside 5 102 
10 106 
^The maltase concentration was 0.31 U/ml. 
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Table 16. (continued) 
Carbohydrate Concentration Residual Activity^ 
(dM) (%) 
methyl-^X-D-mannoside 5 98 
10 96 
methyl-a-D-xyloside 5 99 
10 98 
o-nitrophenyl-»3-D-galacto8ide 5 97 
10 95 
p-nitrophenyl-oH)-glucoside 5 92 
10 75 
p-nitrophenyl-p-D-glucoside 5 104 
10 97 
phenyl-a-D-glucos ide 5 100 
10 107 
phenyl-3-D-glucoside 5 104 
10 104 
raffinose 5 103 
10 102 
D-ribose 5 100 
10 99 
a-Schardinger dextrin 5 100 
3-Schardlnger dextrin 5 98 
D-sorbitol 5 102 
10 102 
sucrose 5 107 
10 101 
D-trehalose 5 103 
10 104 
turanose 5 103 
10 101 
D-xylose 5 108 
10 107 
none — 100 
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Table 17. The effects of various compounds on the extracellular maltase 
of B* brevis B^389 
Effector Concentration Residual Activity 
(mM) (%) 
tris- (hydroxymethyl) -amino methane 5 77 
10 65 
ethylenediaminetetraacetic acid 1 96 
5 97 
10 98 
p-chloromercuribenzoic acid 0.05 95 
+L-cysteine•HCl 0.1 97 
N-ethylmaleimide 0.05 96 
+L-cysteine•HCl 0.1 99 
lodoacetamide 0.001 99 
0.01 100 
+L-cysteine «HCl 0.1 100 
lodoacetic acid 0.001 99 
0.01 98 
+L-cy8teine•HCl 0.1 100 
L-cysteine'HCl 0.1 97 
1 99 
L-histidine 5 96 
10 99 
None 100 
^The maltase concentration was 0.31 U/ml. 
The chelating agent, EDTA (ethylenediaminetetraacetic acid), had 
no inhibitory effect on enzyme activity (Table 17). When an enzyme 
sançle was dialyzed against 0,01 M EDTA in 0.1 M borate buffer, pH 6.5, 
for 24 hr at 4 C, 94% of the enzyme activity, relative to a control 
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preparation, was recovered. The control enzyme sanq>le was dialyzed 
against 0.1 M borate buffer, pH 6.5, for 24 hr at 4 C. 
Results of effects of various cations on the extracellular maltase 
from B-4389 are presented in. Table 18. 5 nM EDTÂ was added to the PGO 
reagent (for glucose assay) to protect glucose oxidase from the effects 
of cations. The chelating agent provided full protection from all 
cations examined except for MnCl2*4H20 which, in control tests, stimulated 
the PGO system 9 and 21% at final concentrations of 0.09 and 0.45 mM, 
+2 
respectively. Ca was the only cation examined that stimulated maltase 
activity (Table 18). Co"^^, Ni"^^, Hg^^, Cd"^^, Pb"*"^, Fe"'"^, Al"^^, Cu"*"^, and 
+2 +2 
Zn were strong or coiq>lete inhibitors Ba was weakly inhibitory at 
+2 "l"2 + + 5 nM; and Mg , Sr , Li , and Na did not alter the apparent enzyme 
activity. 
Kinetics of maltose hydrolysis and inhibition by D-glucose, 
ô-gluconolactone, PNPG (p-nitrophenyl-a-D-glucoslde), and tris were 
examined. Values for K and V were determined by using a method of 
m max 
linear regression analysis (Draper and Smith, 1966) of Lineweaver-Burk 
(1/V^=K^/V^^[s3 + Lineweaver and Burk, 1934) and Hanes (^/V^= 
Ibl/V + K /V , Hanes, 1932) equations. The Lineweaver-Burk plot 
max m max ^ 
is shown in Fig. II. for maltose hydrolysis was calculated as 0.206 
ymole glucose/ml/min and K am 5.81 nM. Inhibitions by D-glucose, PNPG, 
and tris were competitive (Fig.. 11); calculated values for (Dixon and 
Webb, 1964) were 5.85, 12.6, and 14.5 nM, respectively. Inhibition by 
5-glyconolactone (50 nM) was mixed (Fig. 11). 
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Table 18. Effects of cations on the extracellular maltase preparation^ 
from B. brevis Br4389 T-' I I ^ I V 
• » • • • • • I • • ' I • I I •• • '• I I N I 1' I"' • I T < I I •• I • • I • > I I • I • • I < I 
Effector Concentration Residual Activity^ 
(m) (%) 
CaCl- 1 112 L 5 112 
MgCl_'6H_0 1 101 L Z 5 101 
SrC1..6H.O 1 99 Ù L 5 101 
LiCl 1 99 
5 96 
NaCl 1 99 
5 96 
BaClg'ZHgO 1 
5 
95 
90 
C0CI2.6H2O 1 
5 
98 
60 
NiCl^-eHgO 1 
5 
79 
20 
HgCl, 1 60 
5 8 
Cd-acetate• 1 
5 
52 
6 
PbCNO^)^ 1 
5 
13 
0 
FeCl^'ÔHgO 1 
5 
11 
0 
AlCl^-ôHgO 1 0 
5 0 
CuCl2-2H20 1 0 
5 0 
ZnCl. 1 0 L 5 0 
None 100 
^The extracellular maltase preparation was dialyzed against 0.1 M 
borate buffer, pH 6.5, for 24 hr at 4 C before the addition of effector 
to the enzyme. 
^Digests were incubated at 50 C for 15 min in 0.1 M borate buffer, 
pH 6.5; the maltase concentration was 0.3 U/ml. 
Fig. 11. Lineweaver-Burk plots of the extracellular maltase from brevia B-^389. 
Digests were Incubated at 50 C for 15 min in 0.1 M phosphate buffer, pH 6.5; the maltase 
concentration was 0.31 U/ml. 
Inhibitor concentrations were: D-glucose, 5 nM; ô-<-gluconolactone, 50 nM; PNPG and tris, 
10 nM. 
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Figure 12 is a chromatogram showing reaction products released 
from a maltose digest. As the reaction progressed* maltose was hydrolyzed 
resulting in an increase in glucose concentration. Transferase products 
also were observed; as the reaction time increased, larger and larger 
oligosaccharides appeared. One product, which increased in concentration 
as the reaction progressed, corresponded to the position of isomaltose 
on chromatograms. When this product was eluted and subjected to further 
paper chromatography (data not shown), its relative mobility (R^) on 
chromatograms e]q>loying 70% n-propanol and n-butanol:pyridine:water (6:4:4) 
solvent systems was identical to that of an isomaltose standard prepara­
tion. 
When a 24-hr digest of maltose was examined by using paper chroma­
tography (Fig. 13), again, isomaltose and a number of larger oligosacchar­
ides were present. The product, labeled X^, is assumed to be a trlsac— 
charide; it did not correspond to either maltotrlose (in the 
standard) or panose (4-a-lsomaltosyl-D-glucose) standards. When and 
Xg (Fig. 13) were eluted separately from chromatograms and were subjected 
to an active preparation of sweet potato ^-amylase (Sigma Chemical Co., 
50 Mg/ml, pH 5.2), no hydrolysis was detected even after 4 hr of incu­
bation at 40 C (data not shown).. 
From digests containing only D-glucose (0.5%) and B-4389 maltase 
(3.08 U/ml), no transferase products were detected up to 3 hr of incu­
bation at 50 C (data not shown). The method of assay for transferase 
activity (MATERIALS AND METHODS, Enzyme Assays) demonstrated that 
free labeled glucose was incorporated into various transfer products 
Fig. 12. Chromatographic analysis of a maltoseHB. brevls B-A389 maltase digest. 
Digests contained 0.5% maltose and 3.08 U/ml of enzyme. After Incubation at 50 C for 
various time Intervals, 15 yl allquots were applied to the chromatograms. 
Symbols: 4 linked oligosaccharides with DFs of 1 to 15; IGg: Isomaltose 
standard. 
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Fig. 13, Chromatographic analysis of a 24 hr maltose-^B-ASSS maltase 
digests. 
Digests contained 0.5% maltose and 3.08 U/ml of enzyme. 
After incubation at 45 G for 24 hr, 15 ul aliquots were 
applied to 30 x 40-cm chromatograms. 
Symbols: : a^l,4 linked oligosaccharides with DPs 
of 1 to 15; icH isomaltose standard; pan: panose standard; 
X. and X.: unknown oligosaccharides from digest samples 1 
and 2. 
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14 from 0.5% C -glucose-0.5% maltose digests. 
Fig. 14 is a developed chromatogram showing reaction products from 
a digest of isomaltose. Isomaltase activity was verified by the relative 
increase in glucose concentration with time. Also, the enzyme catalyzed 
the formation of various transfer products, two of which were labeled 
Xg and X^. When X^ and X^ were compared chromatographically to X^ and X^ 
from the 24-hr maltose digest, X^ had the same as X^ and X^ the same as 
X^ (data not shown). 
Fig. 14. Chromatographic analysis of an Isomaltose-B-^SSS maltase digest. 
Digests contained 0.5% Isomaltose and 3.08 U/ml of enzyme. After Incubation at 50 C 
for various time intervals, 15 yl aliquots were applied to chromatograms. 
Symbols: G1-G15: a-1,4 linked oligosaccharides with DPs of 1 to 15; 102« isomaltose 
standard; and X2: unknown oligosaccharides. 
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DISCUSSION 
This study and the work reported by Wang and Hartman (1976) have 
demonstrated the usefulness of the PGO isolation procedure. In this study, 
about 100 maltase-producing bacteria were isolated from approximately 
500 soil samples, verifying the screening procedure's effectiveness. 
Of 38 isolates identified, 27 were members of the genus. Bacillus, infer­
ring this genera's possible importance to maltose hydrolysis in the soil. 
Because over half (18) of the bacilli were identified as psychro-^ 
saccharolyticus, the organism may play a predominant role in soil as a 
maltase producer. A detailed ecological study, employing different media 
and incubation temperatures, might corroborate this preliminary conclusion. 
Although mutagenesis resulted in a 2.3-fold increase in extracellular 
maltase production, the yields from the mutant, brevis B-4389, were 
relatively low vtien compared to those from a thermophilic Bacillus sp. 
(Suzuki, Tsuji, and Abe, 1976a), for example. Mutagenesis effectiveness 
suffered from the lack of a selective screening procedure for mutants. 
A selection procedure, employing the correlation between tunicamycin 
resistance and o-amylase production has been demonstrated for subtilis 
(Sasaki et al., 1976); however, an attempt to obtain the antibiotic, for 
possible use in this study, was unsuccessful. 
During development of the production medium, it was discovered that 
maltase was produced only in the presence of a-1,4 linked polymers of 
glucose (Table 6) and that when the maltose concentration was increased 
from 0.5 to 2.5%, maltase production increased (Table 7). These 
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phenomena suggested the possibility of maltase induction in brevis, 
and this was verified in subsequent experiments (Table 9 and Fig.. 2). 
Maltase induction, initiated by various carbohydrates, has been demon­
strated in a number of organisms (Table 19)Although maltose was common 
to most a-glucosidase induction systems, the organisms differed in their 
specificity to inducers. 2- subtilis maltase (Wang, 1975), for example, 
was produced in the presence of 19 individual carbohydrates, as compared 
to the JB. brevis enzyme that was induced only after the addition of small 
06-1,4-glucosidic polymers, such as maltose and maltotriose. This 
induction specificity was similar to the induction system of Pseudomonas 
fluorescens (Guffanti and Corpe, 1975), which was initiated in the 
presence of maltose or maltotriose, only. 
Methyl-o-D-glucoside, which initiated a-glucosidase production in 
other Bacillus species, popilliae (Bhumiratana and Costilow, 1973), 
stearothermophilus (Reizer, Thalenfeld, and Grossowicz, 1976), and 
jB. subtilis (Wang, 1975), did not induce enzyme production in brevis 
B-4389. The system of JB. brevis maltase induction was clearly different 
from those of other bacilli that have been examined in detail. 
The pattern of extracellular maltase production by JB. brevis 
B-4389 appeared similar to that of subtilis (Wang and Hartman, 1976). 
For both organisms, maltase appeared in the medium at the early logar­
ithmic phase and maltase levels increased approximately parallel to 
cell growth. B-4389 and subtilis maltase production did not appear 
to be associated with cell lysis. For a thermophilic Bacillus sp. 
Table 19. a-glucosldase Induction systems In various micro-organisms 
Source Inducers Reference 
Bacillus popllllae 
Bacillus stearothermophllus 
Bacillus subtllls 
Candida stellatoAdfta 
Klebsiella aerogenes 
a-methyl glucoslde, 
a-methyl mannoslde 
maltose» a-methyl glucoslde 
fructose, glucose» lactose, 
maltose, a-methyl glucoslde, 
sucrose, trehalose, and others 
maltose 
a—Isopropyl cellobloslde, 
maltose 
Bhumlratana and Costllow, 1973 
Relzer, Thalenfeld, and . 
Grossowlcz, 1976 
Wang, 19 75 
Bradley and Creevy, 1966 
Barker et al., 1966 
Micrococcus sp. 
Mucor rouxll 
Pseudomonas fluoréscens 
Pseudomonas sp. 
maltose, sucrose 
maltose 
maltose, maltotrlose 
maltose 
Kawal et al., 1972 
Flores-Carreon, Reyes, and 
Rulz-Herrera, 1970; Reyes and 
Rulz-Herrera, 1972 
Guffant1 and Corpe, 1975 
Suglmoto, Amemura, and Harada, 
1974 
Saccharomyces carlsbergensls maltose Hartlief and Konlngsberger, 
1968; Wljk, 1968; DeKroon and 
Konlngsberger, 1970; Ouwehand and 
Van Wljk, 1972 
Saccharomyces cerevlslae maltose Zimmerman, 1974 
Saccharomyces ovlformls maltose Lai and Axelrod, 1975 
00 
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(Suzuki, Tsuji, and Abe, 1976a), however, extracellular maltase 
production seemed to correlate with cell lysis; the extracellular enzyme 
continued to increase in concentration 24 hr after the culture reached 
stationary phase. The greatest proportion of maltase activity from the 
thermophile was associated with the cell during the logarithmic phase, 
contrary to B-4389, that produced no cell-bound activity at any time. 
During purification, the values for purification fold of maltase 
(20.0) and isomaltase (19.1) activities were similar (Table 13). The 
value for purification fold of glucosyltransferase activity (11.5), 
however, was considerable less. This result may be explained on the 
basis of accuracy of the assay: Small volumes of enzyme (50 Til) and 
substrate (100 ul) were used, resulting, possibly, in greater dilution 
errors. Also, maltose may have been hydrolyzed in competition to trans-^ 
fsrase activity effecting the velocity of the transferase reaction. 
Although a digest time of 30 min was chosen to represent ma-x-tmai initial 
velocity for all enzyme fractions, it is possible that the true initial 
velocity was not determined for one or more of these fractions, leading 
to additional inaccuracy in the assay. Taking these points into con­
sideration, it is reasonable to conclude that the data from Table 13 
support the supposition that the JB. brevis B-4389 enzyme was intrinsically 
capable of isomaltase and glucosyltransferase, as well as maltase 
activities. 
The possible sources of inaccuracy in glucosyltransferase assay 
mentioned previously, may have led to similar results in conjunction 
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with the purification of a rat liver ot-rglucosidase (Jeffrey, Brown, and 
Brown, 1970). These workers found that whereas maltase and isomaltase 
activities were purified to the same extent, the degree of purification 
of glucosyltransferase was about one-half that of the other activities. 
Their assay for transferase activity was similar to that of this study, 
except that ^^C-maltose instead of ^^C^lucose was used as the source of 
radioactivity. The workers concluded that transferase activity, as well as 
maltase and isomaltase activities, was an intrinsic capability of the 
enzyme. 
Other data, supporting the idea that both maltase and isomaltase 
activities were intrinsically involved in the enzyme from B-4389, were 
(a) during gel filtration (Fig. 6), isomaltase and maltase activities were 
eluted in parallel, and (b) both activities corresponded to the same 
protein band resulting from isoelectric focusing. 
Results of electrophoresis (RESULTS, Electrophoresis and Isoelectric 
Focusing), indicated that relatively little of the crude maltase was 
capable of penetrating the 7% gels; none of the activity from samples of 
the purified preparation was able to enter these gels. Gels resulting 
from electrophoresis of both the crude and purified samples resulted in 
the appearance of protein bands with identical mobilities (0.40). For 
the crude sample, only, maltase activity was associated with this band. 
It may be reasoned that the major protein bands that resulted in these 
gels represented denatured enzyme. A relatively small amount of activity 
remained after electrophoresis of the crude sample, only, reflecting some 
undenatured activity. 
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The pH optima of the crude and partially purified enzymes from 
brevis B^389 were identical (pH 6,5, Figs. 3 and 7).. However, the 
temperature optimum for activity decreased slightly after purification, 
from 50-55 C to 48-50 C (Figs. 4 and 8), The partially purified enzyme 
was less stable than the crude preparation to both temperature (Figs. 5 
and 9) and pH extremes (Tables 10 and 14). 
The pH optimum (6«5), temperature optimum (48-50 C), and pH stability 
range (5.0^7.0) of the partially purified enzyme from 2* brevis B-4389 
were similar to those of other bacterial maltases examined in detail 
(Amemura, Sugimoto, and Harada, 1974; Guffanti and Corpe, 1975; Kawai, 
Yamada, and Ogata, 1971; Wang and Hartman, 1976; Yamasaki and Suzuki, 
1974). The tezqperature stability ranges of the maltases from brevis 
B-4389 (0-50 C) and subtHis (0-45 C, Wang and Hartman, 1976) indicated 
that the enzymes were considerably more heat stable than certain other 
bacterial enzymes (Amemura, Sugimoto, and Harada, 1974; Guffanti and Corpe, 
1975; Kawai, Yamada, and Ogata, 1971; Yamasaki and Suzuki, 1974). 
The molecular weight of 5-^4389 extracellular maltase, as determined 
by gel filtration, was 52,000 (Fig. 10). This value is higher than those 
for other Bacillus maltases previously determined (Table 3). 
The determination of the isoelectric point, by using isoelectric 
focusing, was pH 5.2 (RESULTS, Electrophoresis and Isoelectric Focusing). 
This value fell within the wide range of those determined for other 
a-glucosidases from various sources: JB. cereus, pH 4.5 (Yamasaki and 
Suzuki, 1974); subtilis, pH 6.0 (Wang and Hartman, 1976); Mucor 
javanicus, pH 8.6 (Yamasaki, Miyake, and Suzuki, 1973a); Pénicillium 
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purpurogentm, pH 3.2 (Yamasaki, Suzuki, and Ozawa, 1976a); and pig 
liver, pH 3.7 (Uchida and Suzuki, 1974)* 
The reaction involving the B-4389 enzyme and maltose was strictly 
hydrolytic and did not involve phosphate because reaction initial velo­
cities were equivalent in Sorensen's citrate, Hcllvaine's citrate^hosphate, 
Sorensen's phosphate, and sodium g-pglycerophosphate buffers at the same 
pH (6.5) and concentration (0,1 M). 
Results of substrate specificity (Table 15) revealed that the enzyme 
from brevis B-4389 was highly specific for a-^l,4-(maltooligosaccharides) 
and a-1,6-(isomaltose) glucosidic bonds. The enzyme had a relatively high 
degree of specificity when compared to substrate specificities of other 
maltases previously examined (Table 1). 
On a-1,4-glucosidic polymers, the extracellular maltase e^diibited 
the greatest rate of hydrolysis on maltose. Although the exception was 
Maltrin-10 that was hydrolyzed at a faster rate than maltotetraose (Table 
15), generally, as the DP was increased from 2 (maltose) to 1670 (Dextrine 
1670), hydrolytic activity decreased. This pattern was common for many 
maltases of microbial and plant origin (Amemura, Sugimoto, and Harada, 
1974; Chiba and Shimomura, 1965; Chiba, Saeki, and Shimomura, 1973b; 
Ebertova, 1966; Sugawara, Nakamura, and Shimomura, 1961; Takahashi and 
Shimomura, 1972; Takahashi, Shimomura, and Chiba, 1971; Wang and Hartman, 
1976). 
The methyl group substitution in l-o-methyl-a-D-maltoside, apparently 
hindered its hydrolysis, relative to maltose, by the enzyme from B. 
brevis (Table 15). This result is similar to those obtained by using a 
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number of other enzymes (Matsushlma, I960,* Pazur and Ando, 1960; Uchlda 
and Suzuki, 1974; Yamasakl, Mlyake, and Suzuki, 1975b). 
The hydrolysis of Isomaltose Is prevalent for a large number of 
o-glucosldases. (See Table 1 for references..) Isomaltose was hydrolyzed 
by 3^389 maltase at one-^twentleth the rate of maltose (Table 15). 
Eiq>loying the classification criteria of Chlba, Saekl, and Shimomura 
(1973b), the enzyme from brevis 3-^389 can be classified as a "true" 
maltase because it possessed a high degree of specificity to maltose and 
had no activity on aryl-K^-glucosides and no anyloglucosidase activity. 
The maltases from B^. subtilis (Wang and Hartman, 1976) and B, brevis 
B-4389 had the greatest degree of specificity of all the a-glucosidases 
examined in detail. (See Table 1 for references.) 
From Lineweaver-Burk and Hanes equations, the for maltose hydroly^ 
sis by JB. brevis B-4389 maltase was calculated as 5.81 mM. This figure is 
similar to those values determined previously for many other a-glucosldases 
of various - sources (Table 20). 
Glucose was a potent competitive Inhibitor of B-4389 maltase activity 
(Table 16 and Fig. 11) with a calculated dissociation equilibrium constant, 
K^, of 5.85 nM. This value is equivalent to the value for the dissociation 
constant for the substrate, (5.81 nM), indicating the enzyme's high 
affinity for the end product of the hydrolytlc reaction. All a--
glucosidases that have been investigated in detail were inhibited by 
glucose: Exasçles are the enzymes from Bacillus species (Suzuki et al., 
1976b; Wang and Hartman, 1976), Mucor rouxll (Flores-Carreôn and Ruiz-
Table 20. Revalues for maltose hydrolysis by a-glucosldases from various sources 
Source \ ("M) Reference 
Yeasts 
Saccharomyce s carlsbergensls 
Saccharomyce s logos 
Molds 
Aspergillus fumigatus 
Mucor javanicus 
Mucor rouxii 
Pénicillium purpurogenum 
Endomycopsis capsularis 
Bacteria 
Bacillus cereus 
Bacillus subtilis 
Clostridium acetobutylicum 
Micrococcus sp. 
Pseudomonas sp. 
37.8 
7.7 
1.85 
0.675 
0.371 
0,694 
2.94 
5,55 
5.0 
1.6 
10 
0.61 
Wandrey, Honig, and Kula, 1977 
Chiba, Saeki, and Shimomura, 1973b 
Rudick and Elbein, 1974 
Yamasaki, Miyake, and Suzuki, 1973b 
Flores-^arre^n and Ruiz-Barrera, 1972 
Yamasaki, Suzuki, and Ozawa, 1976a 
Ebertova, 1966 
Yamasaki and Suzuki, 1974 
Wang and Hartman, 1976 
Hockenhull and Herbert, 1945 
Kawai, Yamada, and Ogata, 1971 
Amemura, Sugimoto, and Harada, 1974 
Mammals 
Cattle liver 10 
Human Intestine 1 
Pig liver 1•2 
Rabbit muscle 2.1 
Rabbit muscle 3.7 
Plant 
Buckwheat 14 
Rice 2,0 
Other 
Honey 5.26 
Bruni, Auricchio, and Cove111, 1969 
Eggermont, 19f9 
Uchida and Suzuki, 1974 
Carter and Smith, 1973 
Palmer, 1971a 
Takahashi and Shimomura, 1972 
Takahashi, Shimomura, and Chiba, 
1971 
Takenaka and Echigo, 1975 
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Eerrera, 1972), Pseudomonas species (Amemura, Sugimoto, and Harada, 1974; 
Guffanti and Corpe, 1976), and Satccharomyces species (Halyorson and Elllas, 
1958; Lai and Axelrod, 1975), 
Since the epimers of D'-glucose, D^mannose and D^galactose, were non-
inhibitory, the enzyme appeared to require carbon atoms 3 and 4 of the 
glucose molecule for successful binding. The enzyme also vas not 
inhibited by a-D-xylopyranose (Table 16), suggesting that carbon atom 6, 
too, is essential for binding. Xylose has been shown to inhibit other 
a-glucosidases previously examined (Halvorson and Ellias, 1958; Suzuki 
et al., 1976b). 
Inhibition by ô-gluconolactone, usually competitive, was common to a 
number of a-glucosidases previously examined (Amemura, Sugimoto, and 
Harada, 1974; Ebertova, 1966; Jorgensen, 1963; Suzuki et al,, 1976b). 
ô-gluconolactone inhibited the B-4389 maltase only at extremely high 
concentrations (50 BM). From Lineweaver-Burk plots (Fig. 11), inhibition 
did not appear strictly competitive or non-cosçetitive and was, therefore, 
designated as "mixed." 
In addition to glucose, a strong conçetitive inhibitor of the parti­
ally purified enzyme was p-nitrophenyl-a-D-glucoside (Table 16 and Fig. 
11). The for PNPG was 12.6 nM, considerably higher than that of 
glucose. Only one report has been published documenting inhibition by 
PNPG (Halvorson and Ellias, 1958); this enzyme from Saccharomyces 
italicus was capable of hydrolyzing PNPG whereas the B^. brevis enzyme was 
not. Since phenyl4%-D-glucoside was not inhibitory (Table 16), it is 
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apparent that the nitro group of PNPG, located at the para position, vas 
essential for successful binding to the enzyme; and because p^nltrophenyl-
g-D-glucoslde was non-lnhlbltory, the alpha configuration of also 
appears to be required for binding. 
Of all the carbohydrates examined for effect on enzyme activity 
(Table 16), only three (D-glucose, 6-^luconolactone, and PNP6) were sig­
nificantly Inhibitory. These results and those of substrate specificity 
(Table 15) emphasize the high degree of specificity of the brevls 
enzyme. 
Trls-(hydroxymethy1)-amino methane was inhibitory, usually competi­
tively, for all orglucosidases previously examined for its effect (Bruni, 
Âuricchlo, and Covelli, 1969; Carter and Smith, 1973; Guffanti and Corpe, 
1976; Ealvorson and Ellias, 1958; Jorgensen, 1963; Suzuki et al., 1976b; 
Takahashl, Shimomura, and Chiba, 1971; Uchlda and Suzuki, 1974; Wang 
and Hartman, 1976; Yamasaki and Suzuki, 1974; Yamasaki, Mlyake, and 
Suzuki, 1973b; Yamasaki, Suzuki, and Ozawa, 1976a). Tris also was a 
competitive inhibitor of B-4389 maltase activity (Table 17 and fig. 11) 
with a Ki of 14.5 mM. 
While a number of maltases (Guffanti and Corpe, 1976; Halvorson 
and Ellias, 1958; Kawai, Yamada, and Ogata, 1971; Takahashl and Shimomura, 
1972) were Implicated as containing catalytic sites involving sulfhydryl 
groups, the results of sulfhydryl effectors (Table 17) indicated that 
B-4389 maltase was not a sulfhydryl enzyme. 
To the present, all maltases examined appear not to be métallo— 
enzymes because chelating agents, including EDTÀ, did not inhibit enzyme 
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activities (Amemura, Sugimoto, and Harada, 1974; Ebertova, 1966; Kawai, 
Yamada, and Ogata, 1971; Takahashi and Shimomura, 1972; Uchida and 
Suzuki, 1974; Wang and Hartnan, 1976; Yamasaki, Miyake, and Suzuki, 1973b; 
Yamasaki, Suzuki, and Ozawa, 1976a). While Ca"*"^ stimulated enzyme 
activity, EDTA did not inhibit B-4389 maltase activity (Table 17), nor did 
EDTÂ dialysis significantly alter enzyme activity, indicating that the 
enzyme was not a metallo^rotein. 
In addition to maltase and isomaltase activities, the enzyme from 
brevis B-4389 contained glucosyltransferase activity (Fig. 12). As 
mentioned in the LITERATURE REVIEW, many a-glucosidases were intrinsically 
capable of transferase activities (Table 2), From the chromatograms 
pictured in Figs. 12 and 13, two products of maltose-B-4389 maltase 
digests were glucose and isomaltose. Maltose was gradually removed 
(Fig. 13) and glucose and isomaltose were released during the progression 
of the reaction. Since the enzyme hydrolyzed isomaltose relatively 
slowly (Table 15), the disaccharide must have been synthesized at a 
faster rate than it was cleaved, accounting for its build-up. Other 
oligosaccharides, larger than isomaltose, were synthesized during the 
maltose digests (Fig. 13); one of these products was labeled and was 
assumed to be a trisaccharide (because of its relative position on 
chromatograms). had a distinctly lower Rg than either maltotriose or 
panose (Fig. 13). It is known (Chiba and Shimomura, 1966; Pazur and 
French, 1952) that the Rj of isomaltotriose (ô-a^isomaltosyl^D-glucose) 
is lower than either panose or maltotriose determined by using ascending 
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paper chromatography employing n-^utanol-pyridlne-water solvent systems. 
Without further analysis, however. It can only be speculated that was 
Isomaltotrlose « 
With the understanding that the true mode of action of transferase 
activity on maltose can only be speculated, a possible, but likely, 
mechanism of action is proposed for brevls B-4389 maltase; using the 
basic scheme of Fazur and French (1952) mentioned in the LITERATURE 
REVIEW: 
Step 1» G~G + E G*E + G~ 
(maltose) 
Step 2. (a)G'E + G- i ^ + E 
(Isomaltose) 
(b)G.E + ^ I I + E 
(isomaltotrlose) 
The mechanism above differs from that of Aspergillus oryzae maltase 
^azur and French, 1952) in that the oryzae enzyme was able to trans­
fer a glucose unit to maltose, releasing panose« Panose was not a 
product of B-4389 maltase-maltose digests (Fig. 13) and therefore could 
not have transferred in the same manner as the A. oryzae enzyme. The ' 
mechanism above proposes, then, that the B-4389 enzyme obtains a glucose 
unit from the hydrolysis of maltose and transfers this unit to another 
glucose molecule or to a previously synthesized isomaltose molecule; the 
enzyme can synthesize only a'cl,6 linkages. The mechanism is supported 
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by the fact that while 8-^389 taaltase was able to transfer free glucose 
(in the form of ^^C-glucose)" to various oligosaccharides in the presence 
of maltose, no transferase activity was detected on glucose, alone. This 
suggested that a glucose unit could bind to the active site of the enzyme 
only after a catalytic event. Carrying the proposed mechanism one step 
further, if the enzyme transferred a glucose unit to isomaltotriose, the 
tetrasaccharide, isomaltotetraose would result. Isomaltotetraose is a 
likely candidate for the possible identity of X2 (Fig. 13). 
Fig. 14 is a chromatogram of an isomaltose digest and shows the 
synthesis of various oligosaccharides during the reaction with B-4389 
maltase. A mechanism explaining the synthesis of transferase products 
on isomaltose would differ from the previous mechanism only in Step 1: 
^ + E #G'E + G-
The enzyme, here, obtains a glucose unit from the hydrolysis of 
isomaltose and then transfers it to another glucose unit or to an iso­
maltose molecule via an ar-1,6 linkage, releasing X3 (Fig. 14). It may be 
reasoned that X3 and (Fig. 14) were isomaltotriose and isomaltotetraose, 
respectively, since the two coiiq>ounds were chromatographically identical 
to X]^ and X2 (Fig. 13), respectively. 
Further structural and paper chromatographic analyses are required 
to elucidate the actual mechanism of brevis glucosyltransferase 
activity. Yet, its mode of action appears to be distinct from enzymes 
previously investigated (Table 2) that are able to synthesize such 
transfer products as arl,4-glucosidic oligosaccharides and panose. 
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SUMMARY 
Soil sangles were screened for microorganisms that produce extra*-
cellular maltase by using a P60 reagent (peroxidase-glucose oxidase, 
Sigma Chemical Co., St. Louis , Mo.) and the procedure of Wang, McWethy, 
and Hartman (1976). Of approximately 100 isolates that produced extra­
cellular activity on plates, only 39 were able to produce the extra­
cellular enzyme in broth culture. Thirty-eight of these organisms were 
bacilli and one was a Pseudomonas sp. One isolate, identified as 
Bacillus brevis » produced the greatest amount of extracellular maltase 
activity in broth culture. By using nitrosoguanidine mutagenesis (100 lig/ 
ml, 20 min exposure time), a mutant B-4389, was obtained that produced 
2.3 fold the extracellular maltase activity of the parent strain. 
Extracellular maltase activity was induced in B. brevis B-4389 only 
by the presence of a-l,4-gluco8idic oligosaccharides, such as maltose and 
maltotriose. At 2 mM, maltotriose caused a 34% greater induction than 
maltose". Extracellular maltase was first detected-60 to 75 min after, 
the addition of maltose to a logarithmically-growing culture of B-4389, 
A medium containing 2.5% maltose, 0.5% non-fat dry milk, 0.4% 
yeast extract, and 0.01% CaCl^ provided best production of extracellular 
maltase by B-4389. The extracellular enzyme was produced during the 
logarithmic phase of growth in parallel to cell growth; no cell-bound 
activity was detected at any time. 
The extracellular maltase was partially purified by using DEAE-
cellulose batch adsorption, ammonium sulfate precipitation, and Sephadex 
G—200 gel filtration. Maltase, isomaltase, and glucosyltransferase 
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activities were purified 20.0, 19.1, and 11.5 fold, respectively. The 
three activities apparently were intrinsic capabilities of a single enzyme. 
The purified enzyme preparation was not homogeneous, as determined by 
isoelectric focusing; however, it contained only one band of maltase 
activity. 
Some properties of the partially purified maltase from brevis 
B-4389 were determined: Optimum pH, 6.5; optimum temperature, 48-50 C; 
pH stability range, 5.0-7.0 (3 hr of e:q>osure at 40 C); temperature 
stability range, 0-50 (3 hr exposure at pH 6.5); isoelectric point, 
pH 5.2 (by gel-isoelectric focusing); molecular weight, 52,000 (by 
Sephadex G-200 gel filtration); substrate specificity, the rela­
tive rates of hydrolysis of maltose, maltotriose, Maltrin-10, malto-
tetraose, methyl-a-D-maltoside, G^Q, Dextrine 1670, dextrin, and isomal-
tose were 100, 22, 14, 12, 10, 10, 9, 8, and 5%, respectively, and 
there was no activity toward iUcyl- or aryl-a-D-glucosides, a- and g-
Schardinger dextrfns, amylose, amylopectin, or glycogen; the on 
maltose was 5.81 mM; D-glucose, p-nitrophenyl-a-D-glucoside, and tris 
were competitive inhibitors with values of 5.85, 12.6,.and 14.5 mM, 
respectively; ô-gluconolactone (50 mM) was slightly inhibitory; all 
other carbohydrates examined were non-inhibitory; EDTA, sulfhydryl effec­
tors, L-cysteine, and L-histidine did not effect enzyme activity; the 
cations, Al"^^, Cd"*"^, Cu"^^, Fe*^, Hg"^^, Ni"^^, Pb"^^, and Zn^^, were 
+2 
strong or complete inhibitors and Ca was stimulatory. 
Transglucosylase activity of the enzyme on maltose resulted 
in the synthesis of isomaltose and other larger oligosaccharides that 
99 
were not identified; transferase activity also was demonstrated when 
isomaltose was the predominant initial substrate. 
100 
LITERATURE CITED 
Adelberg, E., M. Handel, and 6. Chen. 1965. GptLaal conditions for 
mutagenesis by N'inethyl-N*'«^itro'4ï-nitrosoguanidine in Escherichia 
coli K12. Biochem. Biophys. Res. Comm. 18:788-795. 
Amemura, A., T. Sugimoto, and T. Harada. 1974. Characterization of 
intracellular ot-glucosidase of Pseudomonas SB 15. J. Ferment. 
Technol. 52:778-780. 
Barker, S., M. Stacey, and D. Stroud. 1961, Enzymic synthesis of 3-o-ce-
D-glucopyranosyl D-xylose, Nature 189:138. 
Barker, S., J. Hopton, P. Somers, and A. Repas» 1966. Carbohydrate 
specificity of inducible Klebsiella aerogenes glucosidases. Carbohydr. 
Res. 3:230-234. 
Bendetskii, K,, V. Yarovenko, G. Korchagina, and T. Senatorova. 1972. 
The action of transglucosylase from Aspergillus awamori on maltose. 
Biokhimia 39:557-564. (Eng. summary) 
Bhumiratana, A., and R. Costilow. 1973. Utilization, of a-^nethyl-D-
mannoside by Bacillus popilliae. Can, J. Microbiol, 19:169-176. 
Bradley, S., and D. Creevy. 1966. Effect of glucose on induction of a-
glucosidase in Candida. Mycologia 58:549-554. 
Bruni, C., F. Auricchio, and I. Covelli. 1969. Acid ot-D-glucosidase 
glucohydrolase from cattle liver. J, Biol. Chem. 244:4735-4742. 
Buchanan, R. and N. Gibbons, eds. 1974. Bergey's manual of determina­
tive bacteriology. 8th ed. Williams & Wilkins Co., Baltimore, Md. 
1246 pp. 
Carter, J. and E. Smith. 1973. The substrate specificity of neutral 
ct-glucosidase from rabbit muscle. Arch. Biochem. Biophys. 155:82-94. 
Chiba, S., and T. Shimomura, 1965. Comparative biochemical studies 
on 0^glucosidases. Part II. Substrate specificity of an 06-glucosi-
dase of Schizosaccharomyces pombe. Agr. Biol. Chem, 29:540-547. 
Chiba, S., and T. Shimomura. 1966, Comparative biochemical studies 
on of-glucosidases. Part III, Transglucosidation action of an CHgluco-
sidase of Schizosaccharomyces pombe. Agr. Biol. Chem. 30:536-540. 
Chiba, S., and T. Shimomura, 1969, Comparative biochemical studies on 
orglucosidases. Part IV, Two ot-D-glucopyranosyl—D-manaoses synthe­
sized by brewer's yeast a-glucosidase, Agr. Biol. Chem. 33:807-812, 
101 
Chiba, S-» and T.. Shimomura. 1971a. Studies on enzymatic sythesis of 
oligosaccharides. Part I. a-D-glucopyrohsyl-D-fructoses synthesized 
by the transglucosldation reaction of brewer's yeast a^glucosldase. 
Agr. Biol. Chem. 35;1292-1297. 
Chiba, S., and T. Shlnonura. 1971b. Studies on enzymatic sythesis of 
oligosaccharides. Part II. OH)vglucopyranosyl-L^orboses synthesized 
by the transglucosldation reaction of brewer*s yeast a?glucosIdase. 
Agr. Biol. Chem. 35:1363^1370. 
Chlba, S., S. Sugawara, T. Shimomura, and Y. Nakamura. 1962» Conçar-
atlve biochemical studies of cx-glucosldases. Part I. Substrate.speci­
ficity and transglucosldation action of an ot-glucosidase of brewer*s 
yeast. Agr. Biol. Chem. 26:787-793. 
Chiba, S., N. Takahashl, and T. Shimomura. 1968. Comparative biochem­
ical studies on a-glucosidases. Part V. Two a-D-glucopyranosyl-D-
xyloses synthesized by brewer's yeast O-glucosidase. Agr. Biol. Chem. 
33:813-317. 
Chlba, S., T. Saekl, and T. Shimomura. 1973a. Purification and some 
properties of Saccharomyces lo^os (%-glucosIdase. Agr. Biol. Chem 
37:1823-1829. 
Chiba, S., T. Saekl, and T. Shimomura. 1973b. Substrate specificity of 
Saccharomyces logos o-glucosldase. Agr. Biol. Chem. 37:1831-1836. 
Davis, B. 1964. Disc electrophoresis. II. Method and application 
to human serum proteins. Ann. N.Y. Acad. Scl. 121:404-427. 
DeKroon, R., and B. Konlngsberger. 1970. An inducible transport system 
for o^glucosides in protoplasts of Saccharomyces carlbergensis. 
Biochlm. Blophys. Acta 204:590-609. 
Dixon, M., and E. Webb. 1964. Enzymes * 2nd ed. Aûàdemlc Press, New York, 
N.Y. 950.pp. 
Draper, N., and H. Smith. 1966. Applied regression analysis. John Wiley 
& Sons, Inc., New York, N.Y. 407 pp. 
Ebertova, H, 1966. Amylolytic enzymes of Endomycopsls capsularls. II. 
A study of the properties of Isolated a-anylase, amyloglucosldase and 
maltase-transglucosidase. Folia Microbiol. 11:422^438. 
Eggermont, E. 1969.. The hydrolysis of the naturally occurring a--
glucosldes by the human intestinal mucosa. Eur. J. Blochem. 9:483-487. 
Flores-Carrec^n, A.., and J. Ruiz-Herrera. 1972^ Purification and charac­
terization of o^-glucosidase from Mucof roiixii. Biochlm., Blophys» A^ta 
258:496-505, " 
102 
Flores-'Carreoii, A., E, Reyes, and J. Buiz-flerrera.. 1970. Inducible 
cell wallrbound Ct-glucosidase in Màcor rouxii. Biochim. Blophys. 
Acta 222:354-360., 
French, D., and D. Knapp. 1950* The maltase of Clostfidium 
acetobtttylicmn.. Its specificity range and mode, of action. J. Biol. 
Chem. '187:463-471. 
Gordon, R,, W. Haynes, and C. Pang., 1973. The genus Bacillus. USDA 
Agr. Handbook No. 427. 283 pp. 
Gottschalk, A. 1950. o-D-glucosidases. Pages 551-582 in J. Sumner, 
and K. Murback, eds. The enzymes, part 1. Vol. 1. Academic Press, 
Inc., New York, N.Y. 
Guffanti, A., and W. Corpe. 1975. Maltose metabolism of Pseudomonas 
fluorescAn^T J» Bacterid. 124*262—268. 
Guffanti, A*, and W. Corpe. 1976, Partial purification and characteri­
zation of alpha-glucosidase from Pseudomonas fluorescens W. Arch. 
Microbiol. 107:269—276. 
Halvorson, H., and L. Ellias. 1958.. The purification and properties 
of an oif-gucosidase of Saccharomyces italiens Y 1225. Biochim. 
Biophys. Acta 30:28-40. 
Banes, C. 1932. CLXVII* Studies on plant amylases. I. The effect 
of starch concentration upon the velocity of hydrolysis by the amylase 
of germinated barley. Bio chem. J. 26:1406-1421. 
Hartlief, R., and V. Koningsberger. 1968. Characterization of messenger 
RNA in protoplasts of Saccharomyces carlsbergensis. Biochim. Biophys. 
Acta 166:512-531. 
Helferich, B., and J. Johannis. 1960. Zur Spezifitat der orglucosidase 
aus Hefe. Hoppe-Seyler's Zéitschrift fiir Physiologische Chemie 
320:75-81. 
Hers, H. 1963. O-glucosidase deficiency in generalized glycogen-
storage disease (Ponçe's disease). Biochem. J. 86:11-16. 
Hestrin, S. 1940. The specificity of mould maltase. Enzymologia 
8:193-203. 
Hockenhull, D., and D. Herbert. 1945. The amylase and maltase of 
Clostridium acetobutylicum. Biochem, J. 39:102-106. 
103 
Jeffrey, P,, D» Brown, and B. Brown, 1970. Studies of lysosomal o^-gluco-
sidase. I. Purification and properties of the rat liver enzyme. 
Biochemistry 9; 1403-1415., 
Jorgensen, B. 1963. Barley malt ot-glucosldase. II. Studies on the 
substrate specificity. Acta Chem, Scand. 17:2471—2478. 
Jorgensen, 0. 1964. Barley malt ot^lucosidase. III. Studies on the 
trans-OHglucosylase activity. Acta Chem. Scand. 18:53-59. 
Katagirl, H., H. Yamada, and K. Imal. 1957. On the transglucosidatlon 
relating to riboflavin by Escherichia coll. I. Formation of ribo­
flavin glucoside. J. Vitamlnol. 3:264-273. 
Kawai, F., H. Yamada, and K. Ogata. 1971. Studies on transglucosidatlon 
t-n ^4 «-amiM R fiir mlrTftrt-rooTiiame. Part- v, Enzymatlc properties of 
sp. No, 431. Agr, Biol. Chem. 35:1660^1667. 
Kawai, F., T. Horil, H. Yamada, and K. Ogata. 1972. Formation of 
pyrldoxine glucoslde-synthesizing enzyme (o-glucosidase) of Micrococcus 
sp. No. 431. Agr. Biol. Chem. 36:2607-2609. 
Khan, N., and N. Eaton. 1967, Purification and characterization of 
maltase and o-methyl glucosidase from yeast. Blochlm. Blophys. Acta 
146:173-180. 
Kujlmorl, K., T. Fukul, and Z. Nlkuni. 1972. Multiple forms of a-gluco-
sldase from bovine spleen. Agr. Biol. Chem. 36:483-489. 
Lai, H.-Y., and B. Axelrod. 1975, The specificity of the synthetic reac­
tion of two yeast a-glucosldases. Blochlm. Blophys. Acta 391:121-128. 
Lleberman, I., and W. Eto. 1957. Purification and properties of 
equine serum maltase. J. Biol. Chem. 225:899-908. 
Llneweaver, H., and D. Burk. 1934. The determination of enzyme 
dissociation constants. J. Amer. Chem. Soc. 56:658-666. 
Lowry, 0., N. Rosebrough, A. Farr, and R. Randall. 1951. Protein 
measurement with the folin protein reagent. J. Biol. Chem. 193:265-275. 
Matsusaka, K,, S. Chiba, and T, Shimomura, 1975. Enzymatic synthesis of 
l,4-dl-cH>-glucosyl'^L-sorbose and l»<Xr-isomaltosyl-L-sorbose. Agr. 
Biol, Chem. 39;725W26. 
Matsushima, T. 1960. Studies on Taka-maltase. II. Substrate speci­
ficity of Taka-maltase I. J. Biochem. 48:138-143. 
(o-glucosidase) of Micrococcus 
104 
Miyake, T., and Y. Suzuki. 1971. Enzymatic formation of new L-ascorbic 
acid glucosides (preliminary report). Vitamins (Kyoto) 43;205-209. 
Myrback, K. 1932. orglucosidase und Disaccharidspaltung. Hoppe-^eyler^s 
Zeitschrift fur Physiologische Chemie 205:248-250. 
Nisizawa, K., and Y. Hashimoto. 1970. Glycoside hydrolases and glycosyl 
transferases. Pages 241—300 iji W. Pigman and D. Horton, eds. The 
carbohydrates. Academic Press, New York, N.Y. 
Ogata, K., Y, Tani, Y. Uchida, and T. Tochikura. 1969. Studies on 
transglucosidation to vitamin B^. I. Formation of a new vitamin 
derivative, pvridoxine glucoside, by Sarcina lutea. J. Vitaminol. 
15:142-150. 
Ouwehand, J., and R. Van Wijk. 1972. Regulation of maltase and ormethyl-
glucosidase synthesis in genetically defined strains of Saccharomyces 
carlsbergensis. Molec. Gen. Genet. 117:30-38. 
Palmer, T. 1971a. The substrate specificity of acid orglucosidase from 
rabbit muscle. Biochem. J. 124:701-711. 
Palmer, T. 1971b. The maltase, glucoamylase, and transglucosylase 
activities of acid orglucosidase from rabbit muscle. Biochem. J, 
124:713-724. 
Pan, S., L. Nicholson, and P. Kolachov. 1953. Enzymic synthesis of 
oligosaccharides-a transglucosidation. Arch. Biochem. Biophys. 42:406-
420. 
Pazur, J. 1955. Reversibility of enzymatic transglucosylation reactions. 
J. Biol. Chem. 216:531-538. 
Pazur, J., and T. Ando. 1960. The hydrolysis of glucosyl oligosac­
charides with Ofr-D—(1^4) and Ot-D—(l->6) bonds by fungal amylogluco— 
sidase. J. Biol. Chem. 235:297-302. 
Pazur, J., and T. Ando. 1961. The isolation and the mode of action of 
a fungal transglucosylase. Arch. Biochem. Biophys. 93:43-49. 
Pazur, J., and D. French. 1952. The action of transglucosidase of 
Aspergillus oryzae on maltose. J. Biol. Chem. 196:265-272. 
Pazur, J., T. Bodovich, and C. Tipton. 1957. The enzymatic synthesis 
and disproportionation of 3-o-oH)-glucopyranosy1-D-glucose. J. Amer. 
Chem. Soc. 79:625-628. 
Phillips, A. 1959. The purification of a yeast maltase. Arch. Biochem. 
Biophys. 80:346-352. 
105 
Pontieri, G. 1955. On the occurrence of two types of maltase in 
Escherlf'^im coll. Proc. Koninkl. Nederal. Akad. van Wetenschappen— 
Amsterdam, Ser. C 58:51-58. 
Pringsheim, H., and F, Loen. 1932. Ober die Spezifitat der Sacchar-
asen. 2. Mitteilung. Hoppe^Sey1er's Zeitschrift fur Physiologische 
Chemie 207:241-247. 
Reizer, J., B. Thalenfeld, and N. Grossowicz. 1976. Methyl-o^D"^ 
glucoside uptake and splitting by a thermophilic bacillus. Nature 
260:433<435. 
Reyes, E., and J. Ruiz-Berrera. 1972. Mechanism of maltase utili­
zation by Mucor rouxii. Biochim. Biophys. Acta 273:328—335. 
Robyt, J., and D. French. 1963. Action pattern and specificity of 
an amylase from Bacillus subtills. Arch. Biochem. Biophys. 100: 
451-467. 
Rudick, M. and A. Elbein. 1974. Glycoprotein enzymes secreted by 
Aspergillus fumigatus. Purification and properties of O-glucosidase. 
Arch. Biochem. Biopliys. 161:281-290. 
Saeki, T., S. Chiba, and T. Shimomura. 1975. Carbohydrate and ^amino acid 
composition of (X-glucosidase from Saccharomyces logos. Agr. Biol. 
Chem. 39:551-552. 
Saroja, K., R. Venkataraman, and K. Giri. 1955. Transglucosidation in 
Pénicillium chrysogenum Q-176. Biochem. J. 60:399-403. 
Sasaki, T., M. Yamasaki, B. Maruo, Y. Yoneda, D. Yamane, A. Takatsuki, 
and G. Tamura. 1976. Hyperproductivity of extracellular (X-amylase 
by a tunicamycin resistant mutant of Bacillus subtilis. Biochem. 
Biophys. Res. Comm. 70:125-131. 
Sawai, T. 1960. Studies on an amylase of Candida tropicalis var^^ 
japonica. II. Further evidences for broad specificity of the amylase, 
J. Biochem. 48:382-391. 
Stetten, M. 1959. Transglucosylation by a mammalian liver enzyme. 
J. Amer. Chem. Soc. 81:1437-1441. 
Sugawara, S., Y. Nakamura, and T. Shimomura. 1961. Substrate specifi­
city and some properties of crystalline mold maltase. Agr. Biol, 
Chem. 25 : 358-361. 
Sugimoto, Y., A. iaemasS^ and I. Harada. 1974. Formations of extra­
cellular isoamylas^ and intracellular onglucosidase and amylases(s) 
by Pseudomonas SB 15 and a mutant strain. Appl. Microbiol. 28: 
336-339. 
106 
Suzuki, Y., T. Tsuji, and S. Abe. 1976a. Production of an extracellular 
naltase by thermophilic Bacillus sp. KP1035, Âppl. Environ» Microbiol* 
32:747-752. 
Suzuki, Y., T. Yuki, T. Kishigami, and S. Abe. 1976b. Purification 
and properties of extracellular a-glucosidase of a thermophile. 
Bacillus thermoglucosidius KP1006. Biochim. Biophys. Acta 445; 386-^397 
Takahashi, M., and T. Shimomura. 1968. Biochemical studies on a-
glucosidase from buckwheat (Fagopyrum esculentum Monch). Part II. 
Purification of buckwheat o-glucosidase and some properties on maltose 
and soluble starch. Agr. Biol. Chem. 32:929-939. 
Takahashi, M., and T. Shimomura. 1972. Biochemical studies on (%-gluco-
sidase from buckwheat. IV. Substrate specificity and action pattern. 
J. Fac. Agr. Hokkaido Univ. 57:25-40. 
Takahashi, M., T. Shimomura, and S. Chiba. 1971. Studies on a-gluco­
sidase in rice. Part I. Isolation and some properties of a-gluco­
sidase I and a-glucosidase II. Agr. Biol. Chem. 35:2015-2024. 
Takenaka, T., and T. Echlgo. 1975. Preliminary studies on purifi­
cation of honey enzyme by DEAE-cellulose chromatography. Bull. Fac. 
Agr. Tamagawa Unimv. 15:30-36. 
Takesue, Y. 1969. Purification and properties of rabbit intestinal 
sucrase. J. Biochem. 65:545-552. 
Torres, H., and J. Olavarria. 1964. Liver a-glucosidases. J. Biol. 
Chem. 239:2427-2434. 
Uchida, K., and Y. Suzuki. 1974. Purification and properties of ribo­
flavin a-glucoside-synthesizing enzyme (a-glucosidase) from pig liver. 
Agr. Biol. Chem. 38:195-206. 
Van Wijk, R. 1968. a-glucosidase synthesis, respiratory enzymes and 
catabolite repression in yeast. II. The effects of glucose on 
inducible and on constitutive a-glucosidase synthesis in lAôle yeast 
cells. Proc. Koninkl. Nederal. Akad. van Wetenschappen-Amsterdam, Ser. 
C 71:72-79. 
Wandrey, C., W. Honig, and M.-R. Kula. 1977^ Integral kinetics of the 
cleavage of maltose catalyzed by a-glucosidase frcmi. Sacieharomyces 
carlsbergensis. Eur. J. Appl, Microbiol. 3:257-265. 
107 
Wang, L.-H. 1975. Extracellular maltase of Bacillus subtllls. Ph.D. 
thesis. Iowa State^University* 92 pp. 
Wang, L.-H., and P, A. Hartman. 1976. Purification and some properties 
of an extracellular maltase from Bacillus subtllls. Appl. Environ. 
Microbiol. 31:108-118. 
Wang, S. J. McWethy, and P. A. Hartman. 1976. Detection of micro-^ 
organisms that produce extracellular maltases. Anal. Blochem. 76: 
380-381. 
Wéidenhagen, R. 1933, Zur fipezifitat der a-glucosidase. Hoppe^eyler ' s 
Zeitschrift fur Physiologische Chemie 216:255-259. 
Wiesmeyer, H., and M. Cohn. 1960. The characterization of the pathway 
of maltose utilization by Escherichia coll. II. General properties 
and mechanism of action of amylomaltase. Biochim. Blophys. Acta 39: 
427-439. 
Yamasaki, Y., and Y. Suzuki. 1974. Purification and properties of 
orglucosidase from Bacillus cereus. Agr. Biol. Chem. 38:443-456. 
Yamasaki, Y., T. Miyake, and Y. Suzuki. 1973a. Purification and crystal­
lization of a-glucosidase from Mucor javanicus. Agr. Biol. Chem. 37: 
131-137. 
Yamasaki, Y., T. Miyake, and Y. Suzuki. 1973b. Properties of crystalline 
a-glucosidase from Mucor javanicus. Agr. Biol. Chem. 37:251-259. 
Yamasaki, Y., Y. Suzuki, and J. Ozawa. 1976a. Purification and proper­
ties of a-glucosidase from Panicilllum"purpurogenum. Agr. Biol. Chem. 
40:669-676. 
Yamasaki, Y., Y. Suzuki, and J. Ozawa. 1976b. Certain properties of 
crystalline a-glucosidase from Mucor javanicus. Agr. Biol. Chem. 
40:1909-1915. 
Yoshikawa, H. 1965. DNA synthesis during germination of Bacillus 
subtllls spores. Proc. Natl. Acad. Sci. U.S. 53;1476*'1483* 
Zinnerman, F. 1974. Genetics of induction and catabolite repression of 
maltase sythesis in Saccharomyces cerevisiae. Molec. Gen. Genet. 
134:261-272. 
108 
ACKNOWLEDGEMENTS 
I would like to extend ny sincere appreciation to Paul A. Hartman 
for providing worthy leadership throughout my entire graduate career; 
I will always admire his complete dedication to his work and his students. 
I would also like to thank the other members of the conmlttee, who were 
always helpful when a problem arose. Finally, I would like to thank my 
wife, Connie, for her complete support and encouragement througjhout my 
entire degree program. 
